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(54) ELECTROLUMINESCENT DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an electroluminescent device, 
having many kinds of energy band gaps and wide coloring range. 
SOLUTION: The electroluminescent device is constituted of an anode, a 
cathode, and an included macromolecule light emitting material arranged 
between the anode and the cathode. The macromolecule light emitting 
material contains allyl amine moiety and is expressed by a constitutional 
formula shown in the molecular formula. In the formula, R1 and R2 
independently respectively express hydrogen, alkyl group of from 1 to 24 
carbon atoms, allyl group or substituted allyl group of from 6 to 40 carbon 
atoms, heteroaryl group or substituted heteroaryl group with 4 to 40 
carbons, or a cyano group. Ar1, Ar2, Ar3, Ar4, and Ar independently 
respectively express aryl or substituted aryl group with 6 to 40 carbon, 
heteroaryl or substituted heteroaryl group, or combinations thereof. 
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'HNMR 

(CDC1 3 ) 5 (ppm): 0.92-0.98 (m, 12H,CH 3 ), 1.34-1.54 (m, 16H), 1 .75-1.81 (m, 
2H, CH(CH 3 )), 4.02 (d, J = 5.5 Hz, 4H, OCH 2 ), 7.19 (d, J = 8.4 Hz, 2H), 7.70 (s, 
2H), 8.19(d,J-8.5Hz,2H); ,3 CNMR(CDC1 3 ): 11.12, 14.06,23.04,23.88, 
29.08, 30.51, 39.34, 71.34, 1 10.64, 120.84, 127.00, 129.62, 135.88, 164.29, 
182.27. M.p. 49-51 "C; FD-MS: m/z 464 (M 4 ). 
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NMR(CDC! 3 ) 5 (ppm): 0.07 (s, 9H), 0.91 {s, 6H), 4.65 (s, 2H), 7.17 (d, J = 8.2 
Hz, 2H), 7.42 (s, J = 8.3 Hz, 2H); "C NMR (CDC1 3 ): -1.71, 21.93, 29.48, 67.89, 
124.13, 131.27, 134.82, 144.02; FD-MS:m/z301 (M 1 ). 
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0.89 (m, 12H,CH 3 ), 1.26-1 .43 {in, 16H), 1.60-1.66 (m, 2H), 1.85 (s, br, 2H, OH), 
3.72 (d, J = 5.5 Hz, 2H, OCH 2 ), 4.89 (s, 4H, t Vf W), 6.84 (d, J « 2.0 Hz, 2H), 
7.00 (dd, J, = 9.3 Hz, J 2 = 2.2 Hz, 2H), 7.47 (d, J = 7.9 Hz, 4H, 7l^*BJ ),7.52 
(d, J = 9.7 Hz, 2H), 7.6 1 (d, J = 7.8 Hz, 4 H, 7i=X.8S ); l3 C NMR (CDC1 3 ): 
11.17, 14.03,23.00, 23.89,29.08,30.64,39.16,65.37,70.17, 103.90, 120.07, 
126.98, 127.13, 128.07, 129.56, 131.46, 134.74, 138.95, 139.85, 155.71; M.p. 
110-112 °C; FD-MS: m/z 646 (M + ). 



[0 04 9] #J4 : 2, 6 - f^. ( 2 -ai^VW^f 
^-df-iX) -9, 10— V s (4 -T/cz*.* ^vl^^^/V) 

<ffrn-#l3 (4. 4 0g N 6. 8 5!]^) l2 5mLffl 
MzKTHFt^U OtllftiLfc, PBr= (1. 
3mL, SrSSTL/fco 50S£Si&-C— Bfc 



7c 0 M?r-*!'UT^7'f^Sift < MgSO. 

^gi^ri 5 : 8 5CH 2 C 1 2 : ^^IJ- 
^ffiV^-tilftlLfctr^ 3. 9 0g©fM B B B OK 

*7 4%) ^t&nfco 

1*4] 
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'HNMR(CDCl3)5(ppm): 

0.82-0.88 (m, 12H,CH 3 ), 1 -23-1.42 (m, I6H), 1.61-1.69 <m,2H), 3.71 (d, J = 5.7 
Hz, OCH 2 ), 4.67 (s, 4H, V •// M), 6.7S (d, J = 2.4 Hz, 2H>, 7.00 (dd, J, - 9.5 Hz, 
J2=2.4Hz,2H).7.43(d,J-8.0Hz,4H, 5i=«fl| X 7.49 (d, J = 9.5 Hz, 2H), 
7.62 (d, J = 8,0 Hz, 4H, ); "C NMR (CDCb): 11.15, 14.06, 23.04, 

23.88,29.03,30.62,33.46,39.06, 70.36, 103.83, 120.29, 126.81, 127.98, 129.27, 
129.53, 131.68, 134.40, 136.91, 139.84, 155.80; M.p. 105-107 °C; FD-MS: m/z 
772 (M*). 



[ 0 0 5 0 ] ffl 5 : 2 , 6 - t*X ( 2 -xf;WNaf>>/V 
-9, 10-v 1 (4-^fl'yv'xf**X7 

-ffc-g-^J 4 (3. 80g, 4. 9$y t h'J ^*f->V 

W7H h (95mL, 5 £3:5 OmL 



<o^li67 ? ^ =i (cAttr . i o o °c(c 4 B#FMWni*i 
3. 9 4 g <D^ y — Aferotf^a^i 

ibtufc OK* 9 0%) „ 

[ics] 

'HNMR 

(CDClj)8(ppm): 0.83-0.89 (m, 12H,CH 3 ), 1.27-1.43 (m, 28H), 1.S9-1.66 <n», 
2H), 3.34 (d, J = 41.7 Hz, 4H, *»'il,»), 3.71 (d, J = 5.3 Hz, 4H, OCHi),4.08- 
4. 18 (m, P(0)OCH 2 , 8H), 6.84 (d, J = 2.3 Hz, 2H), 6.99 (dd, J, = 9.5 Hz, Jj=2.4 
Hz, 211), 7.42 (d, J = 7.8 Hz, 4H, mm ), 7.48 {d, J = 9.5 Hz, 2H), 7.55 (dd, 
J i =8.0 Hz, J2 = 2.2Hz, 4H, 7xZM£ ); l3 C NMR (CDCU): 11.21,14.04, 
1 6.46, 16.54, 23.0! , 23.92, 29.1 4, 30.66, 32.89, 34.72, 39.37, 62.20, 62.29, 70.02, 
103.95, 120.00, 127.00, 128.06, 129.56, 129.99, 130.08, 130.71, 130.83, 131.44, 
131.47, 134.67, 138.12, 138.17, 155.76; M.p. 94-96 "C; FD-MS: m/z 886 (M*). 



[0 0 5 1] #J6 : 2, 6-fc*X ( 2 - 3L=f-;V^^~yjV 
ir^r'y) -9, 10-^ (4 — -fc)V%)\>~7 T> 

ib&%>3 (10. 0g, 0. 0 15W) 4rl8 0mL 

B^-F (PCC) (8. Og, 0. 0 3 7 W) 

*pbfc 0 rasfc^fi-e— i&^JJM^LTt. rass-ioom 



1 : 1 CH.C 1 2 : ^U-^SffflVN-ClfSLfci^ 
5, M#*^^^jtfe^ B B B i:bT7. Og OK* 7 

0%) #e>*Lfc„ 
[me] 



'HNMR(CDClj)6 

(ppm): 0.82-0.88 (m, 12H, CH 3 ), 1.20-1.43 (ra, 16H), 1.60-1.68 <m, 2H), 3.70(d, 
J = 5.5 Hz, OCH 2 ), 6.73 (d, J = 2.2 Hz, 2H), 7.04 (dd, J| = 9.5 Hz, J 2 =2.4 Hz, 2H), 
7.44 W.J- 9.5Hz, 2H), 7.67 (d, J = 8.0 Hz, 4H, 7i3«t ), 8.15 (d, J = 8.0 Hz, 
4H, 7i~m ), 10.21 (s,2H,7»f fcf'); "c NMR (CDClj); 11.13,14.02, 
22.97, 23.87, 29.07, 30.59, 39.12, 70.22, 103.37, 120.80, 127.59, 129.12, 130.00, 
132.03, 134.01, 135.69, 146.38, 156.10, 192.00; M.p. 125-127 °C; FD-MS: m/z 
642 (M+). 



[00 5 2] M7 : 2, 5 - If* (^71^75/) 
-3, 6-v>fc KofW^^i^fA' (ffr£-4&7) 

X^^B3/^|-^f;KDMSS, 50g, 0. 

y (10 OmL) SrilSiJMfeffl U KJSfilS** 10 0 

*fUL7£ 0 TLCM (CHiChi^fy/l : 



1) t i <0 DMS S»#fe^^tLfc©r\ KJS?gJt£r 

8 2 g CftftftUlX*) dS#fetLfc 0 
[17] 
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'H NMR (CDCb) 8 (ppra): 

3.39 (s, 4H), 3.65 <s, 6H, COOCHj), 7.09-7.38 (m, 10H, ), 10.62 (s, 2H, 

NH); "CNMR (CDC1 3 ): 27.65, 50.84, 88.71, 124.63, 124.75, 129.12, 139.35, 
156.74,169.31; M.p. 236-238 "C; FD-MS: m/z 378 (M*). 

[0 0 5 3] ms : 2, 5-\?X (i>7i^ /UT 5 y ) E t OH'CBfc-a-fcHifco CH2C 1 2 (73-f-<-C#S 

\Y&mi (80g> 0. 2 1^) ^CHaChlcg L, ■tL-CE tOH-C-j5bJR!jS(S(£^|fe(c*5*-CSfc^L 

ofc TLC (CH 2 Cl 2 :^fy/l : 1) £rffl (ft$9 2%) tfS#t>*ufc„ 

V^THJ£«rStab7c 0 MW<tS*Lfc&, C [fc8] 
H2C 1 2 £n — * y— ^^jtfw— ^-esp^td^* 

'II NMR (CDCb) 5 (ppm): 3.83 (s, 6H, COOCH,), 7.00-7.34 (m, 1 OH, 
3t#lfe ), 8.00 (5, 2H, ^SSl ), 8.56 (s, br, 2H, NH); l5 C NMR (CDCI,): 
52.20, 118.58, 1 18.96, 119.71, 122.06, 129.38, 137.71, 141.88, 167.78; M.p. 164- 
166 °C; FD-MS:m/z376(M*). 



[0 0 5 4] #IJ9 : N, N, N' , N' -7 h57i= 

{12-0*8 (40g> 0. lit*) , 3— K-S^if^ 
(200mL, 1. 7 9W) , K.COs (20g, 
0. 14t;W) Wffl (1. 4g, 0. 02 2W) £ 
^U£7 7X=3tdNaT-eAtLfco i^8l)S:18 5'Ct2 
4BfW*PfSb7t„ TLC (CH2C 1 2 : ^IM-'/ 



1:1) -CR/Ero^T^StLfc 50£&J£*PU CH 
2C 1 2*^ADLfc 0 SSLTCH2C 1 2 Ti5fc?f>-Lfc 

80%) ^s#e>*tfc„ 



'HNMR(CDCl 3 )8(ppm): 
3.35 (s, 6H, COOCHj), 6.96 -7.28 (m, 20H, 3?S& ), 8.44 (s, 2H, ^ffSs ); 
15 C NMR (CDClj): 51 .94, 122.69, 123.00,129.18, 131.00, 132.47, 142.17, 147.32, 
166.76; M.p. 249-251 °C; FD-MS: ^528 (M*). 



[ 0 0 5 5 ] &\ 1 0 : 1 , 4 - v>fc Kn^f->^ =*VP- 
2, 5-tT* (N, N-iy^^— *T 5 /) 

({b3*i 0) ro-o-sS 
)Mi5fEM^SrJriiLfe^US79x='fcN 2 TT?L i A 1 
H4 (6. 4g, 0. 1 7=£}V) %AHftL a ^r<D79^ 
=i|;i*THF (4 0 0mL) SrgHKL, SSWeSrO'C 
(C^SPLfdo ft-a-*9 (4 0g, 0. 0 7 6W) 
Lfo6 O^ttTj&ibnL.fc,, 1 5^Pfl-C-S?fi 

Sfa»> *«5^4 5^W«ISES*7c 0 TLC (CHi 

c 1 2 : — ^y/i : 1) -eSfSco^T^^tbfco 
Sf&*o'Clc:^4nL, 7k-c«m(^ih^*fc 0 3 0^91 

PfZ h^^^bW^^t^tzt^S., tfeif 3 4 
g 0K*9 5 %) ^fib^fc AA 8790-138 ; 
4. 36 (s, 4H, ^yi?!)5/^) , 7. 00-7. 
5 0 (m, 2 2 H, 3S=««) ; M. p. 208-210 
t;FD-MS:m/z 4 7 2 (M + ) 



[0056] Mil : 2, (N, N-?7s= 

fi^7^;vy*;W^f->'r;vft F (ft-^fe 

1 1 ) (O-g-fig 

tf)J -J-^i;? nn^ny— h (PCC> 30g, 0. 
0 6 4**) tI*CH 2 C 1 2 (3 5 0mL) £N 2 

tr?>, -trorflK^-^fl^&tfcoTto tlc (ch 
2012:^^/1 : 1) (4, 9 oftm^m%mM 

-C}*jlL.fc„ «ai3§£rCH2C 1 2"C$!feJS;&5t3:t£i&£,tc: 
h^77-f- (^Chi^tVl : 1) "C*» 

lift. ^ 7 ^mwm^irmm^t'm, ^v^zm 
itti*2i. 5 g (nx*7 2%) ^#e>^ 0 

[jSio] 



(25) 



#P 2002-83683 



, HNMR(CDCh)6(ppm): 7.01-7.06 
(m, 12H), 7.24-7.29 (m, 8H), 7.61 (s, 2H), 10. 13 (s, 2H); ); "c NMR (CDClj): 
123.13, 123.53, 129.10, 129.80, 136.49, 146.49, 148.34, 189.51; M.p. 260-262 
°C; FD-MS: m/z 468 (M*). 

[0057] M 12:1, 5-tfX (^is/Vttis) K^-Hife* 9 O'CfcdfflfiU ^fii^SPU * 

•rypui/ (ffrg-ffei 2) ©-g-j# ur 7 o 0mLro7Kt)S#"aAAy7t:o n£t§fe©#fffl#i£ril 

500mL©M77X3|Cl, KP^f>t7 il U ^ t> / — *T?Sfei*-Lfco W&$M%* ? J — *"C? 

PUIS (.15. Og, 0. 0 9 4W) , jS®*U!>A SiSfEU JfcV-CStiiLfci CL^ BJ^fe(73H»2 5. 2 

(2 7. 2g, 0. 2**) „ MAtn-^'>/U (3 g (JR^8 0%) timbtlfz 0 

2. 5g, 0. 2t;l/) OTZOOmLroDMF^SiJP Iftl 1] 

'H NMR (CDCh) 5 (ppm): 0.92 (t, J = 6.5 Hz, 6H), 1 .35-1.41 (m, 
8H). 1.52-1.57 (m.4H), 1 .85-1.92 (m, 4H),4.IO(t, J - 6.4 Hz, 4H), 6.81 <d,J- 
7.6 Hz, 2H), 7.30-7.36 (m. 2H), 7.84 (d, J - 8.3 Hz); M.p. 92-93 °C. 
[0 0 5 8] Ml 3 : 1, {zfv^tf-jV) - inL, 0. 0 6 4W) tt»^Lt, KS*5 0t|: 

3) ©-g-js m ^#7 — *-csfe?$-u jeuTiasftLfco 

(t^ll 2 (10. Og> 0. 0 3 OW) <W*9** ^ftlSr^df-f-^d^ff^a^'fliUfci: r 5, ^-'7*!7'l' h 

A7;lrt K (1. 92g, 0. 0 6 4**) SrlOm feOtWl4. 7g (W9 4%) tfSW&nfc,, 

L©SiiHBr|fS^S (3 3%it)SC 12. 3 [tl2] 

'H NMR 

(CDC1 3 ) 5 (ppm): 0.92 (t, J = 6.5 Hz, 6H), 1.36-1.41 (m, 8H), 1.51-1.57 (m,4H), 
1 .99-2.09 (m, 4H), 4. 1 3 (t, J = 6.4 Hz, 4H), 5.31 (s, 4H), 6.84 (d, J = 8.2 Hz, 2H), 
7.37 (d, J - 8.2 Hz, 2H); M.p. 1 05-107 °C. 

[0059] $1J14 : 4, 8 - fT^^f i--**^- ©77 7 i» 9 n^r Y ^=7 7 -f — "CSffiiSt 1 0 : 9 0 Tir 

1, (^u^^**;*^— -^-7^ b:x : i<yfvy&ffiv^TiSLfci r^Wfife©!! 
^ (Vc&miA) ©-g-fifi; wsffjtu r^*— ^^bS^fB-fkb-c^e^)* 

5 0mLffl?ll77^ = C(^tll3 (9. 0 gl O. «J&^7* 17 h£,CO#HfcS£Ii t LT 6 . 5g 01X^5 

0 17**) tMJif/l'*X7r'fF (7. 5mL, 9%)#fc„ 

0. 04 4*71-) ^as7JPbfc„ m&m*! OCCi'48* [Sl3] 

wipfiLfcm, ^ai-j^Lfco m&jma*^)) #^* 

'H NMR (CDCI3) 5 (ppm): 0.92 <t, J = 6.8 Hz), 1 .08 (t, J - 7.1 Hz), 1 .36-1 .41 (ra, 
8H), 1.47-1.54 (m,4H), 1.95-2.05 (m, 4H), 3.75-3.91 (m, 8H), 4.06-4.14(d b t 
MtS , 8H,-\7-y OCH2), 4.14 (s, 4H), 6.80 (d, J - 8.2 Hz, 2H), 7.23-7.27 

(m,2H); ,3 CNMR(CDC1 3 ): 13.94, 16.23, 16.31,22.52,25.94,28.84,31.60, 
33.92,35.76,61.34,61.43,68.84, 106.28, 106.29, 119.77, 119.92, 130.14, 130.24, 
156.04; M.p. 80-82 °C; FD-MS: m/z 628 (M*). 

[0 0 6 0] ffll 5 : 2, 6 - bfx (^^i/*^-dr-» SfSSr 7 O OmLrozKiC&f *fffi#lSr 

■r-7$v> (-ft;-g-*15) ©-g-fiS; ifcilU *&t>V^7-*-eSfc?tU ^rLTf&ISsLfco 

2, 6-yt Kcifv/7-7^Uy (3 0. Og, 0. 1 * 9 7 — *;!>»& WifeHrflS Ufc t ~ BJMfi 
9**) i^-ffcln— ~¥v-* (9 7. 5g, 0. 5 9* ©1*4 1. 3g 01X*6 7%) #S*#e>*ufco 

*) tSr, 4 0 OmLCDMF'f, ^Bt# !J !>A (8 [ft 1 4 ] 

1. 6g, 0. 5 9**) ©ff£T, 9 Ott-?ft c fS 

'H NMR CDClj) 5 (ppm): 0.9 1 ft, J = 6.9 Hz, 
6H), 1 .32- 1 .40 (m, 8H), 1 .44- 1 .54 (m, 4H), 1 .77-2.86 (m, 4H), 4.02 (t, J = 6.6 Hz, 
4H), 7.06-7. 1 2 (m, 4H), 7.60 (d, J = 8.8 Hz, 2H); M.p. 78-79 °C. 
[00 6 11-09116:1, 5-fcT:* (:/ci*7<^*) - ft^*15 (9. Og, 0. 0 3 0**) t'<7*A'J* 

2. (— ^v-*^"^^) *f-7?U-> (AY&mi r/lf t F (1. 8 7g, 0. 0 6 2**) Sr4 0mL 
6) ©-g-J& ©ftltiHB rffl^g* (3 0%H^i§fc 12. 4m 
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OK* 5 8%) £#fc„ 
mi 5] 



L, 0. 0 6 2W) tti§*^Ufc 0 Hl5£5 0°Ct5 

vmmmi-±^ mu^mmvtc a wksm^^^ 

'h nmr 

(CDCh) 5 (ppm): 0.93 (t, J — 6.9 Hz, 6H), 1.37-1.42 (m,8H), 1.51-1.61 (m,4H), 
1 .84-1 .93 (m, 4H), 4.1 8 (t, J - 6.4 Hz, 4H), 5.07 (s, 4H), 7.35 (d, J = 9.3 Hz, 2H), 
8.03 (d, J = 9.3 Hz, 2H); M.p. 1 10-1 12 "C. 
[00 6 2]W17:2, 6 - 1' ^ (^iy/U^iy) fifeS*^ <J 9 b ^9 7 s — Tig 

-1, 5 -If* (^l^i^^Vk*;*.^ — h) -7^7 SlfSfc 1 0 : 9 OTir h>- : Mtt ^^^m^^XWWk 

puis utsrnn) <D&m wm&<Dmmmb*i, z^^^-^ 

5 0mL«^Lj£7 7^=!(C-ft;-g-^l 6 (8. Og, 0. bMSfeft ^T^^y^ hfeWfttfcgfl, 5 . Og 

t M)xf-;p*X77 / f h (13mL, O. (1|X*5 1%) £#fc 0 

0 7 SrSsbPLfc,, IS-a-feSrl 0 0 < Cfc4B#^P [fU 6 ] 

'HNMR(CDC! 3 )6(ppm): 0.92 (t, J = 7.0 Hz, 6H), 1.15 (t, J 
= 7.0 Hz, I2H), 1 .34-1 .S3 (m, 1 2H), 1 .79-1.89 (m, 4H), 3.71 (d, J = 22.9 Hz, 2H), 
3.91-3.96 (m, 8H), 4.10 (t, J= 6.6 Hz, 4H), 7.28 (d, 3 = 9.5 Hz, 2H), 8.02 (d, J = 
9.5 Hz, 2H); 13 C NMR (CDCh): 13.99, 16.25, 16.33, 22.60, 25.78, 29.68, 31 .64, 
61.75,61.84, 69.41, 113.73, 1 13.88, 114.66, 114.70, I2S.12, 125.20, 128.78, 
152.81; M.p. 101-1 02 °C; FD-MS: rn/z 628 (M*). 



[0 0 6 3] Ml 8 : 2, 6 --^b^-- 1 , 5 - tr* 

1, 5-v'tKP^y7-7^^ (2 0. Og, 0. 1 
2 5W) ^4 0 0mLOS®C&U 0°C^S1L 

fc„ r.ro?gi-iBcjyif (4 0. 1 g , o. 2 5 0W) £• 

^Lfci:r5, W,Pc£,tf5@f£:|K2, 6 - v^'b-*— 1 , 
5-^tKc*-yt7?l/y3 6. lg (I|X*90%) 
i)mhfltz. 0 £.jmo (3 6. Og, 0. 1 1 4 



&\ 3 2 OmLd^^y— /l'tf', VJ** h^rv^K 

(13. Og, 0. 2 4**) ,KX)*3— K^fl^ (5 

o. og, o. 2 4w) t^a-a-L-fc,, msmz—wp 

*6 0%) «r#fc„ 

[mi 7] 



'H NMR (CDC1 3 ) 5 (ppm): 'H NMR (CDClj) S (ppm): 0.93 
(t, J = 6.8 Hz,6H), 1.36-1.41 (m,8H), 1.55-1.60 (m, 4H), 1.88-1.98 )m,4H),4.0S 
(t, J = 6.6 Hz, 4H), 7.58 (d, J = 9.0 Hz. 2H), 7.73 (J - 9.0 Hz, 2H); l3 C NMR 
(CDC1,): 14.03,22.61,25.69,30.23,31.69,74.62, 113.73, 119.31, 130.11, 131.03, 
148.04, 152.86; M.p. 41-43 D C; FD-MS: m/z 486 (M 4 ). 



[0064] &] 19:1, 6 - tf X (^ vvWsf-^v-) 
-7-7^U^-2, 6 -v^/^dri/TVl^xt: K (-ftTn* 
1 9) ©1§-J5S 

18 (13. Og, 0. 027 ^-/k) * 1 1 0 m 
L©fekTHF(r}g;6>U ^S**T7;-- 7 S'Ct^Si] 
Lfc ^ CO^St-, n B u L i m& ( 2 . 5 M-^l^ 

3 2mL, 0. 0 8 0*;l/) SrtB^S- 6 CC<£ 

Lfc, sap^t, ^*-7 8 0 c-eis#r B m#b7c,, 



DMF (17mL, 0. 2 1W) Sri^ ]) >i?i)^kW]\i 

ufc 0 scs**?^— afe^^ufc,, Ej£4-7k-cff-it$ 

^— "r^Xitom \-Tz- (3X10 0mL) 0 *"^t@& 
yW^TifeitU ^LTMgSO.tMLfc. 

6. 7 2 & <D±m» OK* 6 5%) LT 

[SCI 8] 
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'H NMR (CDCb) S (ppm): 0.93 (t, J = 6.7 Hz, 6H, 
CHj), 1.37- 1.42 (m,8H, TWA), 1.55 - 1 .60 (m,4H, 7114ft ), 1.95 -2.00 (ra, 4H, 
7114)1), 4.1 5 (I, J = 6.7 Hz, 411, OCH 2 ), 7.92 (d, J = S.8 Hz, 2H, t7f IU ), 7.89 (d, 
J = 8.S Hz, 2H, t7W ), 10.60 (s, 2H, CHO); l5 C NMR (CDC! 3 ): 14.01, 22.59, 
25.65,30.25,31.63,79.50, 119.53, 123.69, 127.51, 133.19, 161.56, 189.51; M.p. 
50-52 °C; FD-MS: m/z 3S4(M*). 



[0065] 0ij 20:1, 5 - fx (^^/l^^) 
-2, 6 -fx (tKn*Wf;l/) i-y^U>- (■ffc-g- 
#12 0) O-g-fiic 

3 0mLW^7-*i 2 0mL»Hyfv>l:o'C 
-CTK^li*^*-^ h y £A (1. 90g, 50511* 

m zmtovtc m&m->t\ o#rb9h$u ^ttyr 

/i^t R-fbg* 1 9 (3. 25g, 8. 4 Sr 
1 OmL^flS^l^^^Lfc&ro&^PS^b 



30mL»lM KOHT-ffihS-fr, 3 O^ifLfc. 

M 6 so.t:«Lfc. m^tmm-i^-yyt^-f h&<Dm 

fc 0 l|X*i±2. 91 g (W8 8%) "Cfeofco 
[Si 9] 



H NMR 

(CDCU) 5 (ppm): 0.93 (t, J = 6.8 Hz, 6H, CH 3 ), 1.37-1.42 (m, 8H, 7MJ10, 1.51- 
1 .58 (m, 4H.7WW), 1 .87-1 .97 (m, 4H, 7M), 2. 1 9 (s, br, 2H, OH), 4.00 (t, J = 6.7 
He, 4H, OCH2), 4.88 (s, 4H, 'h», 7.50 (d, J = 8.6 Hz, 2H, +7fJV ),7.84(d, 
J = 8.6 Hz, 2H, t7f» ). 



[ 0 0 6 6 ] m 2 1 : 2 , 6 - fx (^p^t* - 
1, 5-fX (^=3ri//^=¥-» -f-7 9\s-y (Yt:-o*2 

1) ©-a-i* 

jJr^3-;Hk-g*2 0 (2. 90g, 7. 5 

A") 5mL©«THFt»l,T0tfft*fb 

fc„ rcO^fSt, PBr 3 (1. 7mL, 

/W) &5mL<DTHFi'^>L-C«AtIUfc 0 Sj£4ram 



— -Cj§Wi-5 : 9 5a- vVV' : ^^^^&JlV^T*iii 
Lfci^5, WM&MiM ! 2. 61g OK* 6 8%) #^ 

[»2 0] 



'H NMR (CDCh) S (ppm): 
0.94 (t, J = 6.8 Hz, 6H, CH 3 ), 1.39-1.44 (m, 8H,7M)l), 1-55-1.62 (m, 4H, 7«4t), 
1 .92-2.01 (m, 4H, 7M*>, 4.10 (t, J = 6.6 Hz, 4H, OCH 2 ), 4.73 (e, <v>/ >M, 4H), 
7.49 (d. J = 8.7 Hz. 2H. t7fJI. ), 7.84 (d, J = 8.7 Hz, 2H, W» ). M.p. 58- 
60 °C. 



[0067] M 2 2 : 1, 5 — f X (■"-drfA-Ja-af-V) 
-2, 6 -fx (^fvyi>xf;P*X7x- h) -j-y 

i?y"xi^e\\y&m2 l (2. 50g, 4. 9 £ 
M» 31^-/1^* X 7 r-l' h (2mL, 
-g-U-Cl 0 0'ClC4B#r B WpmLfco fifel*^^*^ 



2. 34 g 0IX*7 6%) -efeofc 0 
[Sc2l] 



J H NMR (CDClj) 5 (ppm): 0.94 (», J 
= 6.8Hz.6H,CH 3 ), 1.26 (t, J -7.1 Hz,12H,CH 3 ), 1.38-1.43 (m, 8H.7B4*), 1.53- 
1 .63 (m, 4H, 7*t*), 1 .88- 1 .98 (m, 4H, 7JWft), 3.39 (d, J = 21.7 Hz, 4H, OCH 2 ), 
3.99-4.l2(m,8H,POCH2X7.55(d,J = 8.8Hz,2H, t7W ), 7.79 (d, J = 8.8 
Hz, 2H, m& ); °C NMR (CDCIj): 13.98, 16.28, 1 6.35, 22.59, 25.77, 26.14, 
27.99,30.40,31.72,61.97,62.06,75.09, 118.14, 120.62, 120.72, 128.30, 128.30, 
129.12,153.51, 153.53,153.64; M.p. 48-50 °C; FD-MS: m/z 628 <M + ). 



[0068] ^ij 23: 9, 9' —i>^^-i^;Vy ^Ul^ 

{{t&m 2 3 ) <n-&s& 

yiv-^r^^ (2 3. 0g, 0. Sr2 0 0mL 



Hn-BuLi (2. 5M^*fyg$, 6 5mL, 

0. i6w) srgsupu -*<7)^fe^s^{£fi-c 1 mm 

8H$Lfc„ iW^K, JWfcn-^^L" (2 7. 4 
g, 0. 17W) 4r2 0mLfflTHF»UfellD 



(28) 



#H 2002-83683 



bit, Rfcimux"2mmmwu ^t-c*fcn-Bu n-fej^jssr^— r/wtismLfeo ^mm%-miz 

Li (2. 5M^3fU-V?g$j, 6 5mL, O. 16* UMg S CuTiSisL;/-;:,, fe^fifcfe £r»E|g® T-iltSJ 

/I') SrSJg^PU-CSfB^l^a^Lfeo ^rcoft, * Iti:^ »»4 2. 3g OK* 9 3%) ^it 
ftn-^dri/^ (2 7. 4g, 0. 17*^) SrSsAPL £ UT#fen7t 0 

tKU;^fttf# b-C*5V SfewKS;4r*-t?lfit m 2 2 ] 

'H NMR (CDCU) S (ppm): 0.57-0.66 (m, 4H), 0.75 (t, J - 6.7 Hz, 6H), 0.86- 
0.90(m, 4H), 1.02-1.11 (m, 8H), 1.91-1,97 (m,4H), 7.28-7.34 (m, 6H), 7.67-7.69 
(m, 2H); l3 C NMR (CDCI 3 ): 13.97, 22.57, 23.74, 29.73, 31.50, 40.42, 55.02, 
1 19.62, 122.83, 126.67, 126.96, 141.13, 150.69. 

[0 0 6 9] CT2 4 : 2, 7 - fc"X (T'n^gVV) - m*P W¥ Lfc 0 ^©Hr^S: 2 0 0 m L<0*tC?£#ii 

9, 9' 3f->/i') yyu-^-w^ wt:-&#)2 4) © mt^-rv^x^mvt^ m£.tim**s')ii>f>v<D 

lbg-«l23 (15. Og, 0. 0 4 5W) i^rtvt" WSIU 1 1 . 2 g 0$ftMi!;tt?ft£r#7c 0 

WrtF (13. 5g, 0. 4 S:9 0mL [t2 3] 

©3 0%HB r^jgfgi'ig^bfc,, Rl£*7 O'C-t?— 

'H NMR (CDCI 3 ) 8 (ppm): 0.58-0.65 <m, 4H), 0.75 (t, J = 6.7 
Hz,6H), 1.03-1.11 (m, I2H), 1.92-1 .98 (m, 4H), 4.57 (s, 4H), 7.32-7.35 (m, 4H), 
7.61 (d, J = 7.7 Hz, 2H); l3 C NMR (CDCI3): 13.96, 22.45, 23.65, 29.51, 31 .34, 
34.32, 40.07, 55.14, 120.02, 123.66, 127.98, 136.91, 140.74, 151.66. 
[007 0JM25 : 2, 7 - tr* (-/ry^f/l-) - ? 5 ? ^- 1 8 - 6 SrgSbP Lfc„ S^SrSST— Sfecpjg 

9, 9' (— ^rt^) Wfri§-fe2 5) O #Ufc 0 JxiSSrzk L, ^— ' ^^-fttffi Lfc„ &± 

-ft)g-«l2 4 (6. 8 5g, 0. 0 13W) 2r5 0mL (C 1 0 : 9 Offl^^fvW : -~^-^>-£fflV^-t»i!JU M 

ffl7th=hy;H^tfc„ ^ro^fSi^Sf* y <7A #^)5)cfeSrfi-fe^lli L-C2. 8g (KK*5 1%)# 

(4. 55g, 0. 0 3 3W) , ^fW/tF fc„ 

(3. OmL, 0. 0 3 3W) &!>*0. 1 5 g CO [t24] 

'H NMR (CDCI3) 8 (ppm): 
0.58-0.65 (m, 4H), 0.75 (t, J = 6.7 Hz, 6H), 1.05-1. 15{m, 12H), 1.93-1.99 (m, 
4H), 3.84 (s, 4H), 7.28-7.32 (m, 4H), 7.68 (d, J = 7.7 Hz, 2H); ]3 C NMR <CDCI 3 ): 
13.96,22.54,23.73, 23.91,29.58,31.46,40.23,55.46, 120.43, 122.42, 126.81, 
128.93,140.32,151.97; M.p. 70-72 °C; FD-MS: mJz 412 (M 4 ). 

[0 0 7 1 ] W'i2 6 : 3- ( 2 -^gVW^vvl-) 9^ 7-f7) 7"d^V] y?PP = 7^ (1. 7g, 0. 

(ib-&m26) 00 3W) JSttJ* 1 0 0mL(DTHF£Ss2)PL-C. /kiS 

HPW£77^3^IL,fcv^i/!)AI (10. 2 -Ci^iPL,7c 0 ±|HGrignardi«;^&±.iE^Wr*^^-l/ 

g, 0. 4 2W) i4 0mLO»THF*A^c„ ^gsAP Lfc„ ^?U^-lft*jf #L.fcm, 2 N 

3Vm&Mi&W3nVXGrignard!x.lfc$:fflbi}&^tz a HC 1 -ef*.ik£-a\ ;cgvV:t— 7VW-Cttftl L.fc„ 
•Cs Hrfli 2 -^A-^v'/l' (79. Og, 0. 41* ffi' LT-7*5--f i^Sfc^U MgS04t«t 

M 0 0mL»i*THFtS*»LtT^i'^A fc c m±f$,%0&~>'J $) ff/V<DH 7 o-^r h fjy ^ — 

JfirjfgTLTto ?STSL Sl£SrlB#P B WPfiaaS*-tir. * •T?^^ilK{c^df1^^^ffl^^-CWS^L.fc.i r 2 7. 5 

(D^SJ^SPU *U10 0mL©THFf«L g <0*i6#fel*fel^B^Jt#,^t LT#fettrt (HX*4 6 

7c„ Win-yy^^ic, z-^u^f-^-y ^ (50. 0 %) <, 

g, 0. 3 1W) N [1, 3-t'^. [®C25] 

'H NMR (CDCI3) 8 

(ppm): 0.84-0.89 (m, 6H), 1.19-1.33(m, 8H), 1.53-1.57 (m, 1H), 2.56 (d, J = 6.8 
Hz, 2H), 6.87-6.90 (m, 2H), 7.19-7.23 (m, 2H); ,3 C NMR (CDCI3): 10.86, 14.12. 
23.05, 25.70, 28.95, 32.58, .34, 40.46, 120.64, 124.79, 128.80, 341.93; FD-MS: 
m/z 196 (M*). 

[0 0 7 2] #12 7 : 2, 5 - t*X (T'n^'TvP) - ©-g-fig 

3— (2 -i^W^iX/V) fi~7xy OftS-* 2 7 ) {bn*2 6 (7. Og, 0. 0 3 6^) £ 5 */K£, 
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7;l/ftF (2. 57g, 0. 0 8 6W) *3mLO fc„ bfcfS, 9. 6 g (Dm%^m^iifi%h 

mmrniu-Brmm {zo%mmwt. o. oss* tvtc mm7o%) „ wW4«ts*e#-cfeofcfc*, § 

;K l8mD ic^Lfc,, Sf£*a^T, a?&-C-Bt! fct)B»-i-sr.i:^<if)c©S|ig-e«fflLfc 0 
4" 98$ bfc„ 2 0 0 m L n^/v^.— 7vw-c*#f? [t26j 

fi&fnNaHC0 3 ?$f&&t>V9^^Ti5fe#L 

l H NMR (CDCI3) S (ppm): 0.84- 
0.91 (m,6H), 1.19-1.33 (m, 8H), 1.53-1.61 (m, 1H), 2.45 (d, J = 7.2 Hz. 2H), 4.63 
(s,4H),6.81 (s, 1H); "c NMR (CDClj): 10.89,14.09,23.01,25.33,25.89. 
26.66, 28.90, 32.73, 40.25, 130.49, 135.51, 140.00, 141.96; FD-MS: m/z 380 

[0 0 7 3] 0!!2 8 : 2, 5 - tT* fc„ t4tftS">y*^©*7^^P'7b^77-f- 

-3- (2-^^-^^^) "ClgfliW- 2 5 : 7 5 Ti? 1- ^ : ^U-^ffll^TfitiS} 

V (-fli-S*2 8) ro-g-)* BJSfe?ft^#3 9. Og (l[X*7 2%) i>m 

ik.-&¥0 2 7 (9. 6 g, 0. 0 2 5**) i h 1> ^=f->V btufc 0 
*777-f h (10. 8mL, 0. 0 6 3W) 4" 1 0 [1:2 7] 

0 m L <n%]&,-7 9 * (CAtbT 10 0 "CiC 4 H^fflflPi^ U 

'H NMR (CDCI3) 5 (ppm): 0.82-0.S9 (ro, 6H), 1 .25- 1 .3 1 (m, 20H), ] .47- 
1.55 (m, !H),2.42(d,J = 7.1 Hz, 2H), 3.19-3.29 (m, 4H), 4.01-4.11 (m,8H),6.70 
(s, 1H); l3 C NMR (CDClj): 10.90, 14.10, 16.38, 16.45, 16.46. 23.08,25.70, 
28.98,32.66,32.69,32.70,40.48,40.48, 125.63, 129.37, 129.47, 139.91; FD-MS: 
m/z 496 <M*). 



[0 0 7 4] *K y "=<" — COcqfife 
M2 9 : Horner-EmmonsSJSro— ®#|IH 



iii]L.T:«7x- h5fesa^5fe«it^Lfc„ #y-^- 
^bxy ^/-*^2|g#a£*7Co #e> 

[0 0 7 5] i30 : KnoevenagelKJSW— flS^flW 
^^e/kfcro i^/i^^v-T/i^t K*/ ^— t 
t/v-t^Tffl&THFi t -■/f^T/I'a- 

;W1 : li!l^Mt^ftfbfc 0 i©Wi:»H«)* 
y -7 A t h^rv- F^r^Pbfco KS&SlirR Sffi. 

-/^>e>2[H]tffffi$-ti:fc 0 Wbtvfc^y £4 s'c-t* 

[00 7 6] E L7=><-Y 
#ij3 1 

a) 4^V><y^mk\Y?k (I TO) £$3f L-fc#9*S 



b) #y -=7— (D (K3 0mLf3 0mg 

^f— j¥BgOJ¥£&5 0 0 — 7 0 0^->^"X h-n— .At L 

c) SIS* y mm<r>±^ Mg t a g SrISWit l 
0: l-^-g-tfff* 2 0 0 OJd-^X Fb- -kOTJy— K 

[00 7 7] ±lHff?ijir £ 9 E Lt^-W x©#;f &5feT 
It, #3§93(c:± 9»igLfc4<y^— 

(ga^y* h*5^-fe^ (pl) *uito 

/tfey^r— /Mg :Ag*ELr/Vxi>f,EL^ 
h *Sr#fc 0 e L t»V W ^ ro*sm4#!l 3 1 (CtM U/^ 0 

114^13 5^, # y 2 2 .Rt^ 1 7 ©MX, *7t. 
PLWELX^ h/W^^r^-ftb^-t-,, 16K, *y 

•v— 2 2 (73 e Lf^-f ^.roffl±— S:i5ffi#tt4-^i"o 

[0 0 7 8] 
[*1] 
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[0079] i-.n&mbfrf-m. (hy^cn^-t?^ 

[ Bil l ^W^iS^y^- Srffiffl-TSrtas-C^S 

[ 12 ] ^gg^is^y-^— ^{Sffli-sr tfls-c#5 

[ 03 ] &&mizi.z>tf])i'— %:®im-tZ>^ tA>X'%Z> 
filE L^W^05«»fKllI-eS>5o 
[ 14 ] tKU-^— 2 2«P^HX, ©tSO*?* 

^.x^ b^afeo'ic/Ky-^— 2 2^>feM3ftbfc*.)ts 
its] #sy-v— i tdwm. mytRx?-?* N/v^^-tr 

[16] ^y-^-2 2^bMitbfc^-SaELv 5 >-<'l'^ 
[Mil 



[^rotftPJ!] 
1 O-Wfc. 
2 0-7/ — KB 
3 0---l£RMi&S 

5 

6 0— K 

1 0 0-*f£ 

2 0 0-77- K 

3 0 O-KLHiUS 

4 0 0— 3g3tJl 

5 0 O-fBrF-fiiUJi 

6 0 O-ELlft: 

7 0 0-# V— K 

1 0 0 0— 

2 0 0 0-77- K 

3 0 0 0 •••■?§:»■ 

400 o - *y— K 

[13] 
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1. Title of Invention 

Electroluminescent Device 

2. Claims 

1. An electroluminescent device which comprises an anode, a 
cathode, and a polymei luminescent material disposed between the anode and 
cathode, the polymer luminescent materia! having arylamine moiety has the 
molecular formula: 

I — Ar 2 




Rl H- Arj 
_ Ar, 



wherein: 

Ri and K 2 are independently hydrogen, alkyl group of from 1 to 24 carbon 
atoms, or aryl or substituted aryl of from 6 to 40 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group; 

Ar], Ar2, Ar3, Ar<t 3 and Ar are each individually aryl or substituted aryl of 
from 6 to 40 carbon atoms; or a heteroaryl or substituted heteroaryl of from 4 to 
40 carbons, or combinations thereof. 

2. The electroluminescent device of claim 1 wherein Ari and 

Ar 2 are connected by a chemical bond to form a first group and Ar 3 and Ar 4 are 
connected by a chemical bond to form a second group and wherein the first and 
second groups are respectively given by the following formulas: 

- n- Ar 3 an< j — n- Ar 4 i nc i ur j e following carbazole and carbazole 
derivatives: 




1 
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3. An electroluminescent device which comprises an anode, a 
cathode, and a polymer luminescent material disposed between the anode and 
cathode, the polymer luminescent material being doped with one or more 
fluorescent dyes or other light emitting materials, the polymer luminescent 
material including aryl amine moiety has the molecular formula: 



Ar r N It | 




wherein: 

Ri and R 2 are independently hydrogen, alkyl group of from 1 to 24 carbon 
atoms, or aryl or substituted aryl of from 6 to 40 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbona, or e cyano group; 

Art, An, An, Ar*. and Ar are each individually aryl or substituted aryl of 
from 6 to 40 carbon atoms; or a heteroaryl or substituted heteroaryl of from 4 to 
40 carbons, or combinations thereof. 
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3. Detailed Description of Invention 

FIELD OF THE INVENTION 

The present invention relates to electroluminescent (EL) devices 
having arylamine polymers. 

BACKGROUND OF THE INVENTION 

Electroluminescent (EL) devices such as light emitting diode 
(LED) are opto-clcctronic devices which radiate light on the application of an 
electrical field. Organic materials including both polymers and small molecules 
have been used to fabricate LEDs. LEDs fabricated from these materials offer 
several advantages over other technologies, such as simpler manufacturing, low 
operating voltages, and the possibility of producing large area and full-color 
displays. Organic polymers generally offer significant processing advantages over 
small molecules especially for large area EL display because polymer films can be 
easily produced by casting from solutions. 

Conjugated polymers such as poly(pheny]vinylene) (PPV) were 
first introduced as EL materials by Burroughes et al in 1990 (Burroughes, J. H. 
Nature 1990, 347, 539-41). Other conjugated polymers include 
polydialkyifluorene (PF) (Ohmori, Y. et al Jpn. J. Appl. Phys. Part 2 1991, 20, 
L1941-L1943),poIy(p-phenylene)(PPP)(Grcm, 0. et ai Adv. Mater. 1992,4, 36- 
7), and poiy(thiophene). However, PPVs and their derivatives are among the most 
studied conjugated polymers because of their great potential applications in 
various areas including LED, photodiodes, organic transistors, and solid state laser 
materials. Electron donor such as alkoxy substituted PPVs show higher 
efficiencies than unsuhstituted ones in LED applications. Amine groups are 
stronger electron donors than alkoxy groups, and amino-substituted PPVs have 
also been prepared to investigate the effect of amino groups on the LED 
efficiencies. However, only dialkyl amines have been incorporated into PPV as 
substitutents (Stenger- Smith, J. D. et al Macromokcules 1998, 3 J, 7566-7569). It 
is known that dialkylamino groups are susceptible to oxidation. 
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SUMMARY OF THE INVENTION 

It is an object of the present invention to provide luminescent 
polymeric materials useful for polymer EL devices. 

It is a further object of the present invention to provide various 
energy bandgap luminescent polymers which emit broad range of color. 

These objects are achieved in an electroluminescent device which 
comprises an anode, a cathode, and a polymer luminescent material disposed 
between the anode and cathode, the polymeric luminescent material having 
arylamine moiety has the molecular formula; 



At,- K R| l 




wherein: 

Ri and R 2 are independently hydrogen, alkyl group of from 1 to 24 carbon 
atoms, or aryl or substituted aryl of from 5 to 40 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group; 

ATj, A12, At*, Ar4, and Ar are each individually aryl or substituted aryl of 
from 6 to 40 carbon atoms; or a heteroaryl or substituted heteroaryl of from 4 to 
40 carbons, or combinations thereof. 

The present invention provides light-emitting materials with a 
number of advantages that include good solubility, efficiency and stability. The 
emitting color of the polymer can be easily tuned by the incorporation of desired 
At group. Furthermore, other electro- optical properties can also be tuned with Ar 
group. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention provides light-emitting poiymers containing 
arylamine moieties with, good solubility, efficiency and stability. Arylaraine as a 
hole transport material in organic light-emitting devices was studied intensively 
due to its high hole transporting mobility, chemical and electronic stability. 
Arylamine moieties are strong electron donors that will improve the hole injection 
and transporting mobility of light-emitting polymer. Moreover, incorporating 
arylamine moieties into light-emitting polymer can enhance the solubility, 
improve polymer conductivity, and adjust polymer oxidation sensitivity. 
Incorporation of Ar in the light-emitting polymer have the following features: 

1) to improve EL efficiency by achieving good balanced electron-hole 
injection and recombination of the charge carriers; 

2) to further improve solubility of the polymer, and 

3) to tune the emissive color of the polymer. 

The present invention provides light-emitting polymers containing 
arylamine moieties having following molecular formulae: 



An 

An- N Ri 




Rl N-A(] 
A14 
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wherein: 

Ri and R 2 are independently hydrogen, alkyl group of from 1 to 24 carbon 
atoms, or aryl or substituted aryl of from 6 to 28 carbon atoms, or heteroaryl or 
substituted heteroaryl of from 4 to 40 carbons, or a cyano group. Preferably, Rj 
and Rz are hydrogen, or a cyano group. 

Ar I( Ar 2 , Ar } , Ar,, and Ar are each individually aryl or substituted aryl of 
from 6 to 40 carbon atoms; or 

Arj, Ar z , Ar } , Ar*, and Ar are each individually substituted heteroaryl or 
unsubstituted heteroaryl having 4 to 40 carbons; 

For example, Ari, Ar 2 , Ar 3 , and Ar 4 represent 

Gk 

a 

wherein: R is a substituenl, and can be hydrogen, alkyl group of from 1 to 
24 carbon atoms, or aryl or substituted aryl of from 6 to 28 carbon atoms, or 
heteroaryl or substituted heteroaryl of from 4 to 40 carbons, or a cyano group, a 
nitro group, a chlorine, bromine, or a fluorine atom; 

Or Arj and Ar 2 , Ar 3 and Ar 4 can be connected through a chemical bond, 
and Ar, and Ar 2 together, Arj and Ar 4 together can contain 1 2 to 40 carbon atoms. 
For example, Ar, and Ar 2 , are connected by a chemical bond to form a first group 
and Ar 3 and An, arc connected by a chemical bond to form a second group and 
wherein the first and second groups are respectively given by the following 
formulas: 
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pi $n 
"'2 and ~ N * Ar « include following carbazole and carbazole 

derivatives: 




I 



Ar represents the following groups: 
Group 1 : 
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wherein: R is a svibstituent, and can be hydrogen, alkyl group of from 1 to 
24 carbon atoms, or aryl or substituted aryl of from 6 to 28 carbon atoms, or 
heteroaryl or substituted heteroaryl of from 4 to 40 cartons, or a cyano group, a 
nitro group, a chlorine, bromine, or a fluorine atom; and m is an integer from 1 to 

3; 

In the following Groups 2-24 R is the same substituent as for 

Group 1 . 
Group 2: 



Group 3: 



Group 4: 



Group 5: 



Group 6: 
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Group 7: 



Group 8: 



Group 9: 



Group 10: 




wherein: X is an O or S atom; 
Group 1 1 : 




wherein: p is an integer from 0 to 2; 
Group 12: 




wherein: X is an O or S atom, and p is an integer from 0 to 2; 
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Group 13: 
Group 14: 




Group 15: 

wherein: Xi is an O atom or two oyano groups; 
Group 16: 

wherein: Ri is a snbstituent, and can be hydrogen, alkyl group of from 1 to 
24 carbon atoms, or aryl or substituted aryl of from 6 to 28 carbon atoms, or 
heteroaryl or substituted heteroaryl of from 4 to 40 carbons; 

Group 17: 

wherein: Ri is defined as above, and X2 is a nitrogen or carbon atom; 
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Group 18: 



Group 



Group 



Group 



Group 




wherein: X is an O or S atom, p is an integer from 0 to 2; 



Group 24: 
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wherein: Ri is defined as above, and p is an integer from 0 to 2. 

The fallowing molecular structures constitute specific examples of 
preferred polymers satisfying the requirement of this invention: 




polymer 3 
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polymer 4 



Ph 




polymer 7 
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polymer 17 






polymer 20 
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polymer 32 




polymer 33 



Ph. 




Pl»-N 



polymer 34 




polymer 35 
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polymer 37 




polymer 38 
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polymer 41 
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polymer 45 




polymer 46 



In the formula: 

Ar|-N R| 




Ri N- An 



At can be one or the combination of more than one of the above divided groups. 
The specific molecular structures can be the combination of any of flic above 
drawn structures. 

The polymerization method and the molecular weights of the 
resulting polymers used in the present invention are illustrative only. The 
polymers may be prepared by condensation polymerizations such as Wittig 
reaction, Horner-Emmons reaction, Knoevenagel condensation, Heck reaction, or 
a precursor method (Science, 1 995, 269, 376), preferably by a Homer-Emmons 
reaction or a Knoevenagel reaction. According to the present invention, the above 
mentioned polymers were prepared by a Homer-Emmons reaction between an 



25 



(58) 



#M 2002-83683 



aromatic dicarboxyaldehyde and a diphosphate, or a Knoevenagel reaction using 
an aromatic dicarboxyaldehyde and a dicyano compound in the presence of a 
strong base such as potassium t-butoxide or sodium hydride. The synthetic 
schemes for polymers and monomers are illustrated in Schemes 1-6. 

FIG. 1 illustrates the basic structure used to construct organic EL 
devices. It is a bi-layer structure including a hole transport layer 30 and an 
electron transport layer 40. The electron transport layer 40 is also the emissive 
layer from which electroluminescence originates. Together they form the EL 
medium 50. The anode layer 20 is adjacent to the hole transport layer 30 and the 
cathode 60 is adjacent to the electron transport layer 40. The substrate is layer 1 0. 
This figure is for illustration only and the individual layer thickness is not scaled 
according to the actual thickness. 

FIG. 2 illustrates an alternative construction of the EL device. It is 
a modified bi-layer structure. The EL medium contains an emissive layer between 
the hole transport layer and the electron transport layer. This emissive layer is the 
layer where electroluminescence originates. Thus, layer 300 is the hole transport 
layer, layer 400 is the emissive layer, layer 500 is the electron transport layer, and 
together they form the electroluminescent medium 600. Layer 200 is the anode 
and layer 700 is the cathode. The substrate is layer 100. This figure is for 
illustration only and the individual layer thickness is not scaled according to the 
actual thickness. 

The bi-layer EL devices are the basic structure providing high 
luminous efficiency and low operating voltage. Alternative EL device structures 
have been demonstrated to provide improved device performance. Ihese 
alternative structures include features in addition to the basic bi-layer structure 
such as the following structure A) hole injection layer as disclosed in commonly- 
assigned U.S. Patent No. 4,356,429: B) cathode modification with alkaline or 
alkaline halides as disclosed in commonly-assigned U.S. Patent No. 5,776,622; 
C) anode modification with plasma-deposited fluorocarbons as disclosed in 
commonly-assigned U.S. Patent Application No. 09/191,705; and D) doped 
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emitter layer inserted between the hole transport and electron transport layer as 
disclosed in commonly-assigned U.S. Patent No. 4,769,292. 

FIG. 3 illustrates another alternative construction of an EL device. 
It is a single-layer structure comprising an emitting layer 3000, sandwiched 
between an anode 2000 and cathode 4000. Hie emitting layer 3000 also acts as a 
charge carrier layer. Thus, single layer 3000 is the electroluminescent medium. 
The substrate is layer 1 000. This figure is for illustration only and the individual 
layer thickness is not scaled according to the actual thickness. 

A preferred EL device structure of this invention is a single-layer 
structure including an anode, a cathode, and single layer of electroluminescent 
medium. This electroluminescent layer is the emissive layer, and is also capable 
of transporting electrons as well as holes. The principle function of this layer is to 
provide efficient emissive centers for electroluminescence. This layer can include 
one of the above mentioned polymers or the blend of two or more- polymers, or 
polymers doped with one or more fluorescent dyes (FD) or other light-emitting 
material. The fluorescent dye is usually present in an amount on the order of a 
few molar percent or less of the host polymer and it is sufficient to cause the EL 
emission to be predominantly that of the fluorescent dye. Using this method, 
highly efficient EL devices can be constructed. Simultaneously, the color of the 
EL devices can be tuned using fluorescent dyes of different emission wavelengths. 
By using a mixture of fluorescent dyes, EL color characteristics of the combined 
spectra of the individual fluorescent dyes are produced. This dopant scheme has 
been described in considerable detail for EL devices in commonly-assigned U.S. 
Patent No. 4,769,292. An important criterion for choosing a fluorescent dye as a 
dopant capable of modifying the hue of light emission when present in a host 
material is a comparison of their energy bandgap. For efficient energy transfer 
from the host to the dopant molecule, a necessary condition is that the energy 
bandgap of the dopant is smaller than that of the host polymer. Preferred 
fluorescent dyes used as the dopant in the emissive layer include but are not 
limited to coumarins, stilbenes, distrylstibenes, anthracene derivatives, tetracene, 
perienes, rhodamines, and arylamines. 
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The molecular structures of the preferred fluorescent dyes for the 
emissive layer in the EL device are listed as follows: 




K 



FD 1 R=H 
FD2 R=C0 2 Pr-i 




FD 3 R=H,R'=t-Bu 
FD4 R=R'=t-Bu 




FD6 
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FD7 




FD 8 R=H 

FD 9 R=Me 

FD 10 R-Pr-i 

FD 1 1 R=2-ethylhexyl 



FD 12 Ri=R 2 =Me, X=0 
FD 13 R,=R 2 =hexyl, X=0 
FD 14 R,=R 2 =phenyl,X=0 
FD IS R,-R 2 =Me,X=S 
FD 16 R,=R 2 =hexyl, X=S 
FD 17 R,=Rjrphenyl, X=S 




29 



(62) 



#M 2002-83683 



CN 




FD 18 R=n-hexyl 
FD 19 R=phenyl 



The above mentioned polymers can be deposited as high quality 
transparent thin films by spin-coating or inkjet printing the polymer solutions. 
Preferably, the spin-coating technique is used to form layer 3000, and preferably, 
only one polymer is deposited as single layer of electroluminescent medium. 

Preferred materials for use in foiming the anode modified with 
fluorocarbons are disclosed in commonly- assisted U.S. Patent Application No. 
09/1 91,705. 

Preferred materials for use in forming the cathode of the EL 
devices of this invention are Mg, hi, or alloys of these materials as disclosed in 
U.S. Patent No. 5,429,884 and commonly-assigned U.S. Patent No. 5,776,622. 

EXAMPLES 

The invention and its advantages are further illustrated by the 
following specific examples: 

Synthesis of Monomers 
Monomers to be used in the present invention are illustrative only. 
Any monomers can be used as long as the polymer formed satisfies the general 
formula: 




Rl N- Arj 



Typical monomer and polymer synthesis is illustrated in Schemes 1-6. 
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Scheme 1 
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Scheme 2 
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OCcHij OCjH,, 

Scheme 3 
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Example 1: synthesis of 2,6-bis(2-ethylhexyloxy)anthraquiaone (compound 
1) 

2,6-Dihydroxyanthrftquinone (1 00.0 g, 0.42 mol) and 2-ethyIhexy! 
bromide (165.0 g, 0.86 mol) were dissolved in 1 L of DMF. To this solution was 
added anhydrous K2CO3 (120.0 g, 0.87 mol). The reaction was heated at 90 °C 
overnight. Most of DMF was removed and 500 rriL of water was added. The 
reaction was extracted with ether (3x400 mL), washed with brine (1x200 mL), and 
dried over MgSOt. Solvent was removed and the crude product was recrystallized 
from methanol to give yellow powdery product 1 25.2 1 g (65% yield). 'H NMR 
(CDCI3) 5 (ppm): 0.92-0.98 (m, 12H, CH 3 ), 1-34-1.54 (m, 16H), 1.75-1.81 (m, 
2H, CH(CH 3 )), 4.02 (d, J = 5.5 Hz, 4H, OCH 2 ), 7.19 (d, J = 8.4 Hz, 2H), 7.70 (s, 
2H),8.19(d,J = 8.SHz,2H); l3 C NMR (CDCU): 11.12,14.06,23.04,23.88, 
29.08, 30.51, 39.34, 71.34, 1 10.64, 120.84, 127.00, 129.62, 135.88, 164.29, 
1 82.27. M.p. 49-5 1 °C; FD-MS: m/z 464 (M*). 

Example Z: synthesis of 4-bromo-2-t-butyIdimethyIsilyloxynicthylbeii2ene 
(compound 2) 

To a 1-L round-bottomed flask were added 4-brornobenzyl alcohol 
(100.0 g, 0.53 mol), imidazole (91 .0 g, 1.34 mol), t-butyldimethylsilyl chloride 
(TBDMS-CI) (96.5 g, 0.64 mol), and DMF 100 mL. The reaction mixture was 
stirred at room temperature under nitrogen overnight. The reaction was poured 
into water and extracted with ether three times and the combined organic phase 
was washed with water three times and dried over MgSCU. After solvent was 
removed, the product was obtained as light yellow liquid 154 g (62% yield). *H 
NMR (CDCb) S (ppm): 0.07 (s, 9H), 0.91 (s, 6H), 4.65 (s, 2H), 7.17 (d, J = 8.2 
Hz, 2H), 7.42 (s, J = 8.3 Hz, 2H); 13 C NMR (CDClj): -1.71, 21.93, 29.48, 67.89, 
124.13, 131.27, 134.82, 144.02; FD-MS: m/z 301 (M*). 
Example 3: synthesis of 2,6-bis(2~ethylhexyloicy)-9,j0-di(4- 
hydroxymethylphenyl)anthracene (compound 3) 

Compound 2 (67.2 g, 0.22 mol) was dissolved in 300 mL of 
anhydrous THF and cooled to -78 °C. To this solution was added n-BuLi (2.5 M 
in hexane, 86 mL, 0.22 mol) slowly to maintain the temperature lower than —60 
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°C. After addition, the orange-yellow solution was stirred at -78 °C For an hour. 
Compound 1 (30.0 g, 0.065 mol) was dissolved in 200 mL of anhydrous THF and 
added drop-wise to the above cooled solution. TLC analysis indicated the 
completion of the reaction. The reaction was warmed up slightly and HI solution 
(57% in water, 1 45 g, 0.65 mol) was added slowly to quench the reaction and to 
de-protect the TBDMS group. The deep brown reaction was heated at reflux for 
10 min. and most of the solvent was removed under reduced pressure. The 
reaction mixture was then extracted with methylene chloride three times. The 
combined organic phase was washed with saturated sodium metabi sulfate 
solution, water, and brine, and dried over MgSO,}. The crude product was 
obtained as brown viscous oil and was purified by column chromatography on 
silica gel with 20:80 ethenhexane as eluent The pure product was obtained as 
light green-yellow solid 20.2 % (48% yield). 'H NMR. (CDCI 3 ) 5 (ppm): 0.82- 
0.89 (m, 12H, CH 3 ), 1.26-1.43 (m, I6H), 1 .60-1.66 (m, 2H), 1 .85 (a, br, 2H, OH), 
3.72 (d, J = 5.5 Hz, 2H, OCHj), 4.89 (s, 4H, benzylic), 6.84 (d, J = 2.0 Hz, 2H), 
7.00 (dd, J, = 9.3 Hz, h = 2.2 Hz, 2H), 7.47 (d, J = 7.9 Hz, 4H, phenyl ring), 7.52 
(d, J = 9.7 Hz, 2H), 7.6 1 (d, J - 7.8 Hz, 4 H, phenyl ring); "c NMR (CDClj): 
11.17, 14.03,23.00,23.89,29.08,30.64,39.16,65.37,70.17, 103.90, 120.07, 
126.98, 127.13, 128.07, 129.56, 131.46, 134.74, 138.95, 139.85, 155.7); M.p. 
1 10-112 'C; FD-MS: m/z 646 (M*). 

Example 4; synthesis of 2,6-bis(2-ethylhexyh>xy)-9,10-di{4- 
bromomethylphenyl)anthracene (compound 4) 

Compound 3 (4.40 g, 6.8 mmol) was dissolved in 25 rnL of 
anhydrous THF and cooled to 0 °C. PBr 3 (1.3 mL, 17 mmol) was added 
dropwise. The reaction was stirred at room temperature overnight and then 
quenched with water, extracted with methylene chloride. The combined organic 
phase was washed with brine and dried over MgSO-t. The crude product was 
purified by column chromatography on silica gel using 15:85 CHaCbihexane as 
eluent to give 3.90 g of yellow crystals (74% yield). 'H NMR (CDC1 3 ) 5 (ppm): 
0.82-0.88 (m, 12H, CHj), 1.23-1.42 (m, 16H), 1.61-5.69 <ra, 2H),3.71 (d,J=5.7 
Hz, OCHj), 4.67 (s,4H, henzylic), 6.78 (d, J =2.4 Hz, 2H), 7.00 (dd, Ji = 9.5 Hz, 
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12=2.4 Hz, 2HX 7.43 (d, J - 8.0 Hz, 4H, phenyl ring), 7.49 (d, J = 9.5 Hz, 2H), 
7.62 (d, J = 8.0 Hz, 4H, phenyl ring); n C NMR (CDC1 3 ): 1 1.15, 14.06, 23.04, 
23.88, 29.03, 30.62, 33.46, 39.06, 70.36, 103.83, 120.29, 126.81, 127.98, 129.27, 
129.53, 131.68, 134.40, 136.91, 139.84, 155.80; M.p. 105-107 "C; FD-MS: m/z 
772 (M*). 

Example 5: synthesis of 2,6-bis(2-etbylhexyloxy)-9,10-di(4- 
methylenediethylphosphate phenyl)anthracene (compound 5) 

Compound 4 (3.80 g, 4.9 mmol) and triethyl phosphite 95 mL, 29 
mmol) were placed in a 50-mL round-bottomed flask and heated to 1 00 °C for 4 
hours. After cooled to room temperature, the product was recrystallized from 
hexane to give 3.94 g of cream color fine needle crystals (90% yield). ! H NMR 
(CDC1 3 ) 8 (ppm): 0.83-0.89 (m, 12H, CH 3 ), 1.27-1.43 (m, 28H), 1 .59-1.66 (m, 
2H), 3.34 (d, J = 41.7 Hz, 4H, benzylic), 3.71 (d, J - 5.3 Hz, 4H, OCH 2 ), 4.08- 
4.18 (m, P(0)OCH 2 , 8H), 6.84 (d, J = 2.3 Hz, 2H), 6.99 (dd, J, = 9.5 Hz, J z =2.4 
Hz, 2H), 7.42 (d, J = 7.8 Hz, 4H, phenyl ring), 7.48 (d, J - 9.5 Hz, 2H), 7.55 (dd, 
Jj - 8.0 Hz, J 2 - 2.2Hz, 4H, phenyl ring); l3 C NMR (CDC1 3 ): II .21, 14.04, 
16.46, 16.54, 23.01, 23.92, 29.14, 30.66, 32.89, 34.72, 39.37, 6220, 62.29, 70.02, 
103.95, 120.00, 127.00, 12806, 129.56, 129.99, 130.08, 130.71, 130.83, 131.44, 
131.47, 134.67, 138.12, 138.17,155.76; M.p. 94-96 °C; FD-MS: m/z 886 (M*). 
Example 6 : synthesis of 2 > 6-bis(2-etb.ylhexyloxy>9,l 0-di(4- 
forniy]phenyl)anthracene (compound 6) 

Compound 3 ( 1 0.0 g, 0.0 1 5 mol) was dissolved in 1 80 mL of 
methylene chloride and pyridinium chlorochromate (PCC) (8.0 g, 0.037 mol) was 
added. The reaction was stirred at room temperature overnight. The reaction was 
quenched with 1 00 mL of water and stirred for 1 h. The deep brown reaction 
mixture was filtered through a pad of celtte and was extracted with methylene 
chloride three times. The combined organic phase was washed with dilute HC1, 
water, and brine, and dried over MgS0 4 . The crude product was purified by 
column chromatography on silica gel with 1 :1 CHjCl 2 :hexane aseluent to give 
pure product as bright yellow crystals 7.0 g (70% yield). 'H NMR (CDClj) 5 
(ppm): 0.82-0.88 (m, 12H, CH 3 ), 1.20-1.43 (m, 16H), 1.60-1.68 {m, 2H), 3.70 (d, 
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J = 5.5 Hz, OCH 2 ), 6.73 (d, J » 2.2 Hz, 2H), 7.04 (dd, J| = 9.5 Hz, J 2 =2.4 Hz, 2H), 
7.44 (d, J = 9.5Hz, 2H>, 7.67 (d, J = 8.0 Hz, 4H, phenyl ring), 8.15 (d, J = 8.0 Hz, 
4H, phenyl ring), 10.21 (s, 2H, aldehyde); IJ C NMR (CDClj): 11.13,14-02, 
22.97,23.87,29.07, 30.59,39.12, 70.22, 10337, 120.80, 127.59, 129.12, 130.00, 
132.03, 134.01, 135.69, 146.38, 156.10, 192.00; M.p. 125-127 °C; FD.MS:m/z 
642 (WT). 

Example 7: synthesis of dimethyl 2,5-bis(diphenylamino)-3,6- 
dihydroterephthalate (compound 7) 

Dimethyl succiivylo succinate (DMSS, 50 g, 022 mol) is placed 
into a round-bottomed flaak. Aniline {100 ml) is used in excess as a solvent and 
the reaction mixture is heated to 1 00° C For 2 hours during which a solid 
precipitated out of solution. TLC analysis (CH 2 Cl 2 :Hejiane/l : 1 ) showed the 
presence of DMSS so the reaction temperature was increased to 120" C and stirred 
for additional 4 hours. The reaction was cooled, and EtOH was added. The 
product was collected by vacuum filtration. The crude product was washed with 
additional EtOH until washings were almost colorless. The product was oven 
dried to give an orange solid 82 g (quantitative yield). 'H NMR (CDC1 3 ) S (ppm): 
3.39 (s, 4H), 3.65 (s, 6H, COOCH 3 ), 7.09-7.38 (m, 10H, aromatics), 10.62 (s, 2H, 
NH); ,3 C NMR (CDC1 3 ): 27.65,50.84,88.71, 124.63,124.75, 129.32, 139.35, 
156.74, 169.31; M.p. 236-238 °C; FD-MS: m/z 378 (M*). 
Example 8: synthesis of dimethyl 2,5 bis(dlphcnylanrino)tcrephthalate 
(compound 8) 

Compound 7 (80 g, 0.21 mol) was dissolved in CH 2 C1 2 and heated 
gently during which the solution turned dark red in color. TLC 
(CH2Cl 2 :hexane/l:l) was used to monitor the reaction. Once all starting material 
was gone, CH 2 C1 2 was partially removed by rotary evaporation and replaced with 
EtOH, Once all the CH2CI2 was removed, the red solid was collected by vacuum 
filtration while hot and washed with EtOH until washings are almost colorless. 
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Product was collected and oven dried to give 73 g red solid (92 % yield). ). 
'H NMR (CDC1 3 ) 8 (ppm): 3.83 (s, 6H, CO0CH 3 ), 7.00-7.34 (m, 10H, 
aromatics), 8.00 (s, 2H, aromatics), 8.56 <s, br, 2H, NH); 13 C NMR (CD CI 3): 
52.20, 118.58, 118.96, 119.71, 122.06, 129.38, 137.71, 141.88, 167.78; M.p. 164- 
166 °C; FD-MS: m/z 376 (M 4 ). 

Example 9: synthesis of dimethyl N,N,N',N'-tetraphenyl 2,5- 
diaminoterephthalate (compound 9) 

Compound 8 (40 g, 0.1 1 mol), iodobcnzene (200 ml, 1.79 mol), 
K.2CO3 (20 g, 0. 14 mol), and copper (1 .4 g, 0.022mol) were all placed in a round- 
bottomed flask under N2. The mixture was heated at 1 85° C for 24 hours. TLC 
(CH2Ci 2 :hexane/l : 1) indicated the completion of the reaction. The reaction was 
cooled and CH2CI2 was added After filtering and washing with CH 2 C1 2 , the 
filtrate was concentrated to give a suspension. EtOH was added and the resulting 
precipitate was collected by filtration and washed with EtOH. The product was 
oven dried to give a yellow solid 45 g (80 % yield). 'H NMR (CDCI3) 5 (ppm): 
3.35 (s, 6H, COOCHjX 6-96 -7.28 (m. 20H, aromatics), 8.44 (s, ZH, aromatics); 
1} CNMR(CDC1 3 ): 51.94, 122.69, 123.00,129.18, 131.00, 132.47, 142.17, 147.32, 
166.76; M.p. 249-251 °C; FD-MS: m/z 528 (M*). 
Example 10: synthesis of l,4-dihydroxymethyl-2,5-bis(N,N- 
dipheny]amino)berizcne (compound 10) 

I JA1H 4 (6.4 g, 0. 1 7 mol) was placed under N2 in a round -bottomed 
flask equipped with a reflux condenser. The flask was charged with anhydrous 
THF (400 ml) and the suspension was cooled to 0° C. Compound 9 (40 g, 0.075 
mol) was added in portions over 60 min. The mixture was warmed to room 
temperature for 15 min. and then refluxed for 45 min. TLC (CH2Clz:hexane/l :1) 
the completion of the reaction. The reaction was cooled to 0° C and quenched 
carefully with water. After stirring for 30 minutes, ether was added. The aqueous 
layer was extracted 4 times with ether. The combined organic phase was dried 
over NazSCM and concentrated to give a brown solid. This solid was recrystallized 
from toluene to give a yellow solid 34 g (95% yield). AA8790-138). 4.36 (s, 4H, 
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benzylic), 7.00-7.50 (m, 22H, aromatics); M.p. 208-210 °C; FD-MS: m/z 472 
(M + ). 

Example 11: synthesis of 2,5-bis(N^-dipheyl»inino)- 
terephthaldicarboxyaldehyde (compound 11) 

Pyridinium Chlorochromate (PCC, 30 g, 0.064 mol) and anhydrous 
CH 2 C1 2 (350 ml) are placed in a flask under N2. Compound 10 was added in 
portions during which time the mixture turns black. TLC {CH^Clihexane/ 1:1) 
indicated the disappearance of the starting material after 90 minutes while a new 
red spot appeared. The entire reaction mixture was filtered over a pad of celite on 
a fritted funnel. The funnel is washed thoroughly with CH2CI2 until the washings 
are almost colorless. The filtrate was concentrated and purified using column 
chromatagraphy (CH2Cl 2 :hexane/l : 1). After concentrating the pure fractions from 
the column, hexane was added and the product was collected by vacuum filtration 
and washed with additional hexane. The product was oven dried to give a dark 
red crystalline solid 2 1.5 g (72 % yield). 'H NMR (CDCI3) 8 (ppm): 7.01-7.06 
(rn, 12H), 7.24-7.29 (m, 8H), 7.61 (s, 2H), 10. 13 (s, 2H); ); 13 C NMR (CDCh): 
123.13, 123.53, 129.10, 129.80, 136.49, 145.49, 148.34, 189.51; M.p. 260-262 
°C; FD-MS: m/z 468 (M+). 

Example 12: synthesis of l,5-bls(hexyloxy)napb.thalene (compound 12) 

To a 500 mL round-bottomed flask were added 1,5- 
dihydroxynaphthalene (15.0 g, 0.094 mol), potassium carbonate (27.2 g, 0.2 mol), 
n-hexylbrornide (32.5 g, 0.2 mol), and 200 mL of DMF. The reaction was heated 
to 90 °C overnight, cooled to room temperature, and poured into 700 mL of water. 
The dark brown precipitate was filtered and washed with methanol. The crude 
product was refluxed in methanol and then filtered to give light green solid 25.2 g 
(80% yield). 'H NMR (CDC1 3 ) 6 (ppm): 0.92 (t, J = 6.5 Hz, 6H), 1 .35-1.41 (m, 
8H), 1 .52-1.57 (m, 4H). 1 .85-1 .92 (m, 4H), 4. 10 (t, J <= 6.4 Hz. 4H). 6.8 1 (d, J = 
7.6 Hz, 2H), 7.30-736 (m, 2H), 7.84 (d, J = 83 Hz); M.p. 92-93 °C. 
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Example 13: synthesis of l,5-bis(bromomethyI)-4,8- 
bis(he5yloxy)naphthalene (compound 13) 

Compound 12 (10.0 g, 0.030 mol) and paraformaldehyde (1 .92 g, 
0.064 mol) were dissolved in 10 mL of acetic acid and HBr in acetic acid solution 
(33% in acetic acid, 1 2.3 mL, 0.064 mol). The reaction was heated at 50 °C for 5 h 
and cooled to room temperature. The greenish precipitate was filtered, washed 
with water, methanol, and dried. The crude product was recrystaJlized from 
hexane to yield off-white needle like crystal 14.7g (94% yield), ). ! H NMR 
(CDCIj) 8 (ppm): 0.92 (t, J - 6.5 Ha, 611), 136-1 .41 (m, 8H), 1.51-1.57 (m, 4H), 
1.99-2.09 (m, 4H), 4.13 (t, J = 6.4 Hz, 4H), S.31 (s, 4H), 6.84 (d, J = 8.2 Hz, 2H), 
7.37 (d, J = 8.2 Hz, 2H); M.p. 105-107 D C. 
Example 14: synthesis of 4,8-blshexylosyl-I ,5- 
biS(methylcnediethylphosphate)naphthnlenc (compound 14) 

To a 50 mL round-bottomed flask were added compound 13 (9.0 g, 
0.01 7 mol) and triethyl phosphite (7.5 mL, 0.044 mol). The mixture was heated to 
100 °C for 4 hours and cooled to room temperature. The crude product was 
purified by column chromatography on silica gel using 10:90 acetone:methylene 
chloride as an ehient to give light brown solid which was recrystallized from 
hexane to give pure product as off-white needle like crystals 6.5 g (59% yield). 
'H NMR (CDC1 3 ) 5 (ppm): 0.92 (t, J - 6.8 Hz), 1.08 (t, J = 7.1 H2), 1.36-1.41 (m, 
8H), 1 .47-1.54 (m, 4H), 1.95-2.05 (m, 4H), 3.75-3.91 (m, 8H), 4.06-4.14(d and t 
overlap, 8H, benzylic and OCH 2 ), 4. 14 (s, 4H), 6.80 (d, J = 8.2 Hz, 2H), 7.23-7.27 
(m, 2H); ,3 CNMR (CDa 3 ): 13.94, 16.23, 16.31, 22.52, 25.94, 28.84, 31.60, 
33.92, 35.76. 61.34, 61.43, 68.84, 106.28, 106.29, 119.77, 1 19.92, 130.14, 130.24, 
156.04; M.p. 80-82 °C; FD-MS:m/z628(M + ). 

Example 15: synthesis of 2,6-bis(hexyloxy)naphthalene (compound 15) 

2,6-Dihydroxynaphthalene (30.0 g, 0. 1 9 mol) reacted with n- 
hexylbromide (97.5 g, 0.59 mol) in the presence of potassium carbonate (81.6 g, 
0.59 mol) in 400 mL of DMF at 90 °C overnight. The reaction was poured into 
700 mL of water and the precipitate was filtered, washed with water and 
methanol, and dried. The crude product was recrystallized from methanol to give 
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light gray solid 41 .3 g (67% yield). 'H NMR CDd 3 ) 5 (ppm): 0.91 (t, J = 6.9 Hz, 
6H), 1 .32-1 .40 (m, 8H), 1 .44-1 .54 (m, 4H), 1.77-2.86 (m, 4H), 4.02 (t, J - 6.6 Hz, 
4H), 7.06-7.12 (m, 4H), 7.60 (d 7 J = 8.S Hz, 2H); M.p. 78-79 D C. 
Example 16: synthesis of l,5-bis(bromomethyl)-2,6- 
bis(hexyloxy) naphthalene (compound 16) 

Compound 15 (9.0 g, 0.030 mol) and paraformaldehyde (1.87 g, 

0. 062 mol) were dissolved in 40 mL of acetic acid and HBr in acetic acid solution 
(30% in acetic acid, 12.4 mL, 0.062 mol). The reaction was heated at 50 °C for 5 h 
and cooled to room temperature. The light purple precipitate was filtered, washed 
with water, methanol, and dried. The crude product was recrystallized from 
hexane to yield off-white needle like crystal 9.0 g (58% yield). ). J H NMR 
(CDC1 3 ) 5 (ppm): 0.93 (t, J = 6.9 Hz, 611), 137-1.42 (in, 8H), 1.51-1.61 {m, 4H), 

1. B4-1 .93 (m, 4H), 4.18 (t, J = 6.4 Hz, 4H), 5.07 (s, 4H), 7.35 (d, J = 9.3 Hz, 2H), 
8.03 (d, J = 9.3 Hz, 2H); M.p. 1 10-1 12 °C. 

Example 17: synthesis of 2,6-bis(hexyloxy>l,5- 
bis{methytencdiethy]phosphate)iiaphthalene (compound 17) 

To a 50 mL round-bottomed flask were added compound 16 (8.0 g, 
0. 1 6 mol) and triethyl phosphite ( 1 3 mL, 0.078 mol). The mixture -was heated to 
100 °C for 4 hours. Excess of tiethyl phosphite was distilled off. The crude 
product was purified by column chromatography on silica gel using 10:90 
acetone:methylene chloride as an eluent to give light orange solid which was 
recrystallized from hexane to give pure product as off-white needle like crystals 
5.0 g (51% yield). 'HNMR(CDCl 3 )8(pprn): 0.92 (t, J = 7.0 Hz, 6H), 1.15 (t, J 
= 7.0 Hz, 12H), 1.34-1.53 (m, 12H), 1 .79-1.89 (m,4H), 3.71 (d, J = 22.0 Hz, 2H), 
3.91-3.96 (m, 8H), 4.10 (t, J= 6.6 Hz, 4H), 7.28 (d, J = 9.5 Hz, 2H), 8.02 (d, J = 
9.5 Hz, 2H); I3 C NMR (CDC1 3 ): 13.99, 16.25, 16.33, 22.60, 25.78, 29.68, 31.64, 
61.75,61.84,6941, 113.73, 113.88, 1 14.66, 114.70, 125.12, 125.20,128.78, 
I5Z81; M.p.l01-102°C; FD-MS: m/z 628 (M h ). 



42 



(75) 



WW 2002-83683 



Example 18: synthesis of 2,6-dibr©mo-l,5-bis(hexyloxy)naphthalene 
(compound 18) 

1 ,5-Dihydroxynaphthalcnc (20.0 g, 0. 125 mol) was dissolved in 
400 mL of acetic acid and cooled to 0 °C. To this solution was added bromine 
(40. 1 g, 0.250 mol) dropwise. The reaction was stirred at room temperature for an 
hour after addition and cooled in ice bath. The crystals were collected by 
filtration, washed with water, and dried to give light gray solid 2,6-dibromo-l ,5- 
dihydroxynaphthalene 36.1 g (90V. yield). The product (36.0 g, 0.114 mol) was 
mixed with sodium methoxide (13.0 g, 0.24 mol), and iodohexane (50.0 g, 0.24 
mol) in 320 mL of methanol. The mixture was refluxed overnight and cooled to 
room temperature. The dark solid was collected, washed with water and 
methanol, and dried. The crude product was dissolved in methylene chloride and 
then passed through a short pad of silica gel to remove the dark polar impurities. 
The product was then recrystallized from methanol to give white flaky crystals 
25.5 g (60% yield). ! HNMR(CDCl 3 )5(pprn): 'H NMR (CDC1 3 ) 5 (ppm): 0.93 
(t, J - 6.8 Hz, 6H), 1.36- 1 .41 (m, 8H), 1.55-1 .60 (m, 4H), 1.88-1 .98 )m, 4H), 4.06 
(t, J = 6.6 Hz, 4H), 7.58 (d, J = 9.0 Hz, 2H), 7.73 (J = 9.0 Hz, 2H); 15 C NMR 
(CDClj): 14.03, 22.61, 25.69, 30.23, 31.69, 74.62, 1 13.73, 119.31, 130.11, 131.03, 
148.04, 1 52.86; M.p. 41 -43 °C; FD-MS: m/z 486 (M*). 

Example 19: synthesis of l,6-bis(hexyloxy)naphthalene-2,6-dicarboja]dehyde 
(compound 19) 

Compound 18 (13.0 g, 0.027 mol) was dissolved in 1 10 mL of 
anhydrous THF and cooled to -78 °C under dry nitrogen. To this solution was 
added slowly nBuLi solution (2.5 M in hexane, 32 mL, 0.080 mol) via a syringe to 
maintain the temperature lower than -60 °C. After addition the solution was 
stirred at -78 "C for lh. Anhydrous DMF (17 mL, 0.2 1 mol) was added via a 
syringe. The reaction was stirred at room temperature ovemighl. The reaction 
was quenched with water and extracted with ether (3x 1 00 mL). The organic 
phase was washed with brine and dried over MgS0 4 . After removal of the solvent 
the crude product was recrystallized from hexane to give 6.72 g of product as light 
yellow powder (65% yield). 'H NMR (CDC1 3 ) 5 (ppm): 0.93 (t, J = 6.7 Hz, 6H, 
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CH 3 ), 137- 1.42 (m, 8H, alkyl), 1.55 - 1.60 (m, 4H, alkyl), 1.95 -2.00 (m, 4H, 
alkyl), 4. 1 5 (t, J = 6.7 Hz, 4H, OCH 2 ), 7.92 (d, J = 8.8 Hz, 2H, naphthyl), 7.89 (d, 
J = 8.8 Hz, 2H, naphthyl), 10.60 (s, 2H, CHO); l3 C NMR (CDC1 3 ): 14.01, 22.59, 
25.65, 30.25, 31.63, 79.50, 119.53, 123.69, 127.51, 133.19, 161.56, 189.51; M.p. 
50-52 °C; FD-MS: m/z 384 (M*). 
Example 20: synthesis of l,5-bls(hexylo3y>2 ! (j- 
bis(bydroxymethyl)naphthalene (compound 20) 

To 30 mL of methanol and 20 tnL of methylene chloride was added 
sodium boron hydride ( 1 .90 g, 50 mmol) at 0 °C. The mixture was stirred for 10 
min and dialdchyde compound 19 (3.25 g, 8.4 mmol) dissolved in 10 mL of 
methylene chloride was added slowly through an additional funnel. The reaction 
was stirred at room temperature overnight and quenched -with 30 mL of 1 M KOH 
and stirred for 30 min. The reaction was extracted with methylene chloride 3 
times, washed with water, and dried over MgSCU- The crude product was an off- 
white solid and was pure enough for next gtep, 2.91 g (88<K> yield). ! H NMR. 
(CDCI 3 ) 8 (ppm): 0.93 (t, J = 6.8 Hz, 6H, CH 3 ), 1.37-1.42 (m, 8H, alkyl), 1.51- 
1.58 (m, 4H, alkyl), 1.87-1.97 (m, 4H, alkyl), 2.19 (s, br, 2H, OH), 4.00 (t, J = 6.7 
Hz, 4H, OCH 3 ), 4.88 (s, 4H, benzylic), 7.50 (d, J = 8 6 Hz, 2H, naphthyl), 7.84 (d, 
J = 8.6 Hz, 2H, naphthyl). 

Example 21: synthesis of 2,6-bis(bromomethyl)-l ! 5- 
bis(hexyloxy)naphthalene (compound 21) 

Dialcohol compound 20 (2.90 g, 7.5 mmol) was dissolved in 15 
mL of anhydrous THF and cooled to 0 °C. To this solution was added PBrj (1 .7 
mL, 1 8 mmol) in 5 mL of THF. The reaction was stirred at room temperature 
overnight, quenched with water, and extracted with ether. The crude product was 
purified by column chromatography on silica gel using 5:95 ether:hexane as an 
eluent to give light yellow crystal 2.6 1 g (68% yield). 'H NMR (CDOj) 5 (ppm): 
0.94 (t, J - 6.8 He, 6H, CH 3 ), 1.39-1.44 (m, 8H, alkyl), 1.55-1.62 (m, 4H, alkyl), 
1.92-2.01 (m„ 4H, alkyl), 4.10 (t, J = 6.6 Hz, 4H, OCH 2 ), 4.73 (s, benzylic, 4H), 
7.49 (d, J = 8.7 Hz, 2H, naphthyl), 7.84 (d, I - 8.7 H2, 2H, naphthyl). M.p. 58- 
60 °C. 
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Example 22: synthesis of l,5-bis(hexyloxy)-2,6- 
bis(methylenediethylphospIiate)naphthalene (compound 22) 

Dibromo compound 21 (2.50 g, 4.9 rmnol) and tri ethyl phosphite 
(2 mL, 12 mmol) were mixed and heated at 100 "C for 4 h. The crude product 
was recrystallized from hexane to give white crystals and the mother liquor was 
purified by column chromatography on silica gel using 20:80 acetone:hexane as 
an eluent. Total yield 2.34 g (76 % yield). l H NMR (CDCt 3 ) fi (ppm): 0.94 (t, J 
- 6.8 Hz, 6H, CH 3 ), 1.26 (t, J- 7.1 Hz, 12H, CH 3 ), 1.38-1.43 (m, 8H. alkyl), 1.53- 
1 .63 (m, 4H, alkyl), 1 .88-1.98 (m, 4H, alkyl), 3.39 (d, J = 21.7 Hz, 4H, OCH 2 ), 
3.99-4.12 (m, 8H, POCH2), 7.55 (d, J = 8.8 Hz, 2H, naphthyl), 7.79 (d, J = 8.8 
Hz, 2H, naphthyl); ,3 C NMR (CDClj): 13.98, 16.28, 16.35, 22.59, 25.77, 26.14, 
27.99, 30.40,31.72, 61.97,62.06, 75.09, 118.14, 120.62, 120.72, 128.30, 128.30, 
129.12, 153.51, 153.53, 153.64; M.p. 48-50 °C; FD-MS: m/2 628 (M*). 
Example 23: synthesis of 9,9'-dihexylfluorene (compound 23) 

Fluorene (23.0 g, 0.14 mol) was dissolved in 200 mL of anhydrous 
THF and cooled to -78 °C. To this solution was added slowly n-BuLi (2.5 M in 
hexane, 65 mL, 0.1 6 mol) and the red solution was stirred at low temperature for 
an hour. n-Hexyl bromide (27.4 g, 0.17 mol) dissolved in 20 mL of THF was 
added to the above solution. The reaction was stirred at low temperature for 2 
hours and n-BuLi (2.5 M in hexane, 65 mL, 0. 16 mol) was added again and the 
reaction was stirred ft>T an hour. After that, n-hexyl bromide (27.4 g, 0.17 mol) 
was added and the reaction was left stirring overnight. The green reaction was 
quenched with water, and the yellow solution was extracted with ether. The 
combined organic phase was dried over MgSOa. The crude product was purified 
by vacuum distillation to yield pure product 42.3 g (93% yield) as clear viscous 
oil. 'H NMR (CDCl 3 ) 6 (ppm): 0.57-0.66 (m, 4H), 0.75 (t, J = 6.7 Hz, 6H), 0.86- 
0.90 (m, 4H), 1 .02-1 . 1 1 (m, 8H), 1 .9 1 -1.97 (m, 4H), 7.28-7.34 (m, 6H), 7.67-7.69 
(m, 2H); 13 C NMR (CDd 3 ): 13.97, 22.57, 23.74, 29.73, 31 .50, 40.42, 55.02, 
119.62, 122.83, 126.67, 126.96, 141.13, 150.69. 
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Example 24: synthesis of Z^-Wstbromoraethyl^S'HiHhexyOiluorene 
(compound 24) 

Compound 23 (15.0 g, 0.045 mol) and paraformaldehyde (13.5 g, 
0.45 mol) were dissolved in 90 mL of 30% HBr in acetic acid. The reaction was 
stirred at 70 °C overnight. The mixture was poured into 200 mL of water and 
extracted with methylene chloride. The crude product was purified by column 
chromatography on silica gel using hexane as an eluent to yield 1 1.2 g of pale 
yellow viscous oil. 'H NMR (CDCb) 8 (pprn): 0.58-0.65 (m, 4H), 0.7S (t, J = 6.7 
Hz, 6H), 1 .03-1 .1 1 (m, I2H), 1 .92-1.98 (m, 4H), 4.57 (s, 4H), 7.32-7.35 (m, 4H), 
7.61 (d, J = 7.7 Hz, 2H); ,J C NMR (CDClj): 13.96, 22.45, 23.65, 29.51 , 31.34, 
34.32, 40.07, S5.14, 120.02, 123.66, 127.98, 136.91, 140.74, 151.66. 
Example 25: synthesis of 2,7-bis(cyanometliyI)-9,9'-dI(hexyl)f]uoreiie 
(compound 25) 

Compound 24 (6.85 g, 0.01 3 mol) was dissolved in 50 mL of 
acetonitrile. To this solution was added potaaaium carbonate (4.55 g, 0.033 mot), 
dimelhylcyano hydrine (3.0 rnL, 0.033 mol), and 0. 1 5 g of crown-1 8-6. The 
reaction was stirred at room temperature overnight. The reaction was diluted with 
water, and extracted with ether. The crude product was purified by column 
chromatography on silica gel using 10:90 ethyl acetate:hexane as an eluent to 
yield pure product as white crystals 2. 8 g (5 1 "A yield). 1 H NMR (CDCl 3 ) 5 (ppm): 
0.58-0.65 (m,4H),0.75 (t, J = 6.7 Hz, 6H), 1 .05-1 . 15 (m, 12H), 1.93-1.99 (m, 
4H), 3.84 (s, 4H), 7.28-7.32 (m, 4H), 7.68 <d, J = 7.7. Hz, 2H); U C NMR (CDa 3 ): 
13.96, 22.54, 23.73, 2351, 29.58, 31.46, 40.23, 55.46, 120.43, 122.42, 126.81, 
128.93, 140.32, 151.97; M.p. 70-72 °C; FD-MS:m/z412(M + ). 
Example 26: synthesis of 3-(2-ethylheiy])rhiopheiie (compound 26) 

Dry magnesium turnings (1 0.2 g, 0.42 mol) and 40 mL of 
anhydrous THF were placed in a three-necked round-bottomed flask. A crystal of 
iodine was added to initiate the Grignard reaction. 2-Ethylhexyl bromide (79.0 g, 
0.41 mol) in 100 mL of anhydrous THF was then added dropwise to magnesium 
turnings. After the addition, the reaction was heated to reflux for 1 h, then cooled 
down to room temperature, and diluted with 100 mL of THF. In another flask 
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were added 3-bromothiophene (5O.0 g, 0.3 1 mo\% [1,3- 

bis(diphenylphosphino)propane]dichloroniekel (1.7 g, 0.003 mol), and lOOmLof 
THF and the flask was cooled in an ice-bath. The Qrignard reagent was added to 
the above solution via a cannula After stirring at room temperature overnight, the 
reaction was quenched with 2N HC1, extracted with ethyl ether. The combined 
organic phase was washed with brine and dried over MgS0 4 . The crude product 
was purified by column chromatography on silica gel using hexane as an eluent to 
give 27.5 g pure product as light yellow liquid (46% yield). J H NMR (CDClj) S 
(ppm): 0.84-0.89 (m, 611), 1.19-1.33 (m, 8H>, 1.53-1.57 (m, 1H), 2.56 (d, J= 6.8 
Hz, 2H), 6.87-6.90 (m,2H), 7.19-7.23 (m,2H); 13 C NMR (CDC1 3 ): 10.86,14.12, 
23.05, 25.70, 28.95, 32.58, .34, 40.46, 120.64, 124.79, 128.80, 141.93; FD-MS: 
m/zioe^*). 

Example 27: synthesis of 2,5-Dis(bromomethyl)-3-(2-ethylhexyl)thiopliene 
(compound 27) 

Compound 26 (7.0 g, 0.036 mol) and paraformaldehyde (2.57 g, 
0.086 mol) were dissolved in 3 mL of acetic acid and HBr solution (30% in acetic 
acid, 0.088 mol, 18 mL). The reaction was stiired at room temperature under 
nitrogen overnight. The reaction was diluted with 200 mL of ethyl ether, washed 
with water, saturated NaHCOj solution and brine. After the solvent was removed, 
9.6 g of light brown oil was obtained (70% yield) which was almost pure and used 
for next step reaction with further purification. 'H NMR (CDClj) 5 (ppm): 0.84- 
0.OI (m , <3H), 1.19-1 .33 (m, 8H), 1 .53-1.61 (m, 1H), 2.45 (d, J — 13. Hz, 2H), 4.63 
(s, 4H), 6.8 1 (s, 1H); l3 C NMR (CDC1 3 ): 10.89, 14.09, 23.01, 25.33, 25.89, 
26.66,28.90,32.73, 40.25, 130.49, 135.51, 140.00, 141.96; FD-MS: m/z 380 
Cvf). 

Example 28: synthesis of 2 5 5-bis{methyIenediethylphosphate)-3-(2- 
ethrlhexyl)thiopb.enc (compound 23) 

Compound 27 (9.6 g, 0.025 mol) and triethyl phosphite ( 10.8 mL, 
0.063 mol) were placed in a 100-mL round-bottomed flask and heated to 100 °C 
for 4- hours. The crude product was purified by column chromatography on silica 
gel using 25:75 acetone:hexane as an eluent to give 9.0 g oflight yellow oil (72% 
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yield). 'H NMR (CDClj) S (ppm): 0.82-0.89 (m, 6H), 1.25-1.31 (m, 20H), 1.47- 
1 .55 (m, 1H), 2.42 (d, J - 7.1 Hz, 2H), 3.19-3.29 (m, 4H), 4.01-4.1 1 (m, 8H), 6.70 
(s. 1H); "C NMR (CDCU): 10.?0, 14.10, 16.38, 16.45, 16.46, 23.08, 25.70, 
28.98,32.(36, 32.69, 32.70, 40.48, 40.48, 125.63, 129.37, 129.47, 139.91; FD-MS: 
m/z496(M*). 

Synthesis of Polymers 
Example 29: General procedure for a Horner-Emmons reaction: 

Equimolar dicarboxyaldehyde and diphosphate monomers were 
dissolved in anhydrous THF under nitrogen. To this solution was added 2.5 
equivalent of Nail. The reaction was stirred at room temperature overnight under 
nitrogen. Small amount of benzaldehyde was added to endcap phosphate 
endgroup. The polymer was precipitated into methanol, filtered, re-dissolved in 
chloroform and precipitated twice from methanol. The resulting polymer was 
dried under vacuum at 45 °C overnight. 

Example 30: General procedure for a Knoevenagel reaction: 

Equimolar dicarboxyaldehyde and dicyano monomers were 
dissolved in a mixed solvent of 1 : 1 anhydrous THF and t-butyl alcohol under 
nitrogen. To this solution was added catalytic amount oF potassium t-butoxide. 
The reaction was stirred at room temperature overnight under nitrogen. The 
polymer was precipitated into methanol, filtered, re-dissolved in chloroform and 
precipitated twice from methanol. The resulting polymer was dried under vacuum 
at 45 °C overnight. 

EL Device Fabrication and Performance 

Example 31 

An EL device satisfying the requirements of the invention was 
constructed in the following manner. The organic EL medium has single layer of 
polymer thin film. 

a) An indium-tin-oxide (1TO) coated glass substrate was sequentially 
ultra-sonicated in a commercial detergent, rinsed with deionized water, 
degreased in toluene vapor and exposed to ultraviolet light and ozone 
for a few minutes. 
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b) A toluene solution of a polymer (30 mg in 30 mL of solvent) was 
filtered through a 2 Jim Teflon filter. The polymer solution was then 
spin-coated onto ITO under a controlled spinning speed. The thickness 
of the polymer film was between 500-700 Angstroms- 

c) On the top of the polymer film was deposited a cathode layer of 2000 
Angstroms thick consisting of a 1 0: 1 atomic ratio of Mg and Ag, 

The above sequence completed the deposition of the EL device. 
The device was then hermetically packaged in a dry glove box for protection 
against ambient environment. 

Table 1 summames the characterization of the polymers prepared 
in the present invention. The synthesized polymers show high T g and Ta. 
Absorption and emission spectra were obtained from dilute solutions, 
photolurnincsccnce (PL) spectra from solid thin films of the polymers, and EL 
spectra were obtained from ITO/polymer/Mg: Ag EL devices. The fabrication of 
EL devices was illustrated in example 3 1 . FIGS. 4 and 5 show the absorption, 
emission, PL and EL spectra of polymers 22 and 1 7 respectively. The voltage- 
current characteristics of the EL device of polymer 22 is shown in FIG 6. 
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Table 1. Characterization of polymers according to Examples. 



Polymer 


M„° 


T g (°C) 


T d (°C) 


Absorption 
(Xjnax ran) b 


Emission 

Hill) ^ 


EL f XoTinT run) 


4 


32000 


121 


412 


509 


555 


556 


1 


67200 


225 


448 


362 


562 


ND C 


S 


34700 


237 


454 


403 


521 


ND 


30 


2580 


210 


420 


421 


577 


ND 


18 


204000 


175 


390 


430 


530 


572 


22 


31100 


149 


395 


404 


664 


668 


34 


5710 


120 


388 


515 


591 


620 


14 


2740 


105 


290 


408 


506 


572 


9 


36300 


123 


351 


449 


543 


ND 


17 


2180 


79 


32? 


421 


527 


572 



" weight average molecular weight, detennined by size exclusion chromatography 
in trichlorobenzene using polystyrene standard. * measured in solution e not 
determined. 



4. Brief Description of Drawings 

FIG. I illustrates in cross-section a bi-layer EL device which can 
use a polymer in accordance with the present invention; 

FIG. 2 illustrates a cross-section of a modified bi-layer EL device 
which can use a polymer in accordance with the present invention; 

FIG. 3 illustrates a cross-section of a single-layer EL device which 
can use a polymer in accordance with the present invention; 

FIG. 4 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 22 and electroluminescence spectrum of single-layer EL 
device fabricated from polymer 22; 

FIG. 5 illustrates the absorption, emission, and photoluminescence 
spectra of polymer 17 and electroluminescence spectrum of single-layer EL 
device fabricated from polymer 17; and 

FIG. 6 illustrates the voltage-current density and luminance 
characteristics of a single-layer EL device fabricated from polymer 22. 
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Parts List 

10 substrate 

20 anode layer 

30 hole transport layer 

40 electron transport layer 

50 EL medium 

60 cathode 

100 substrate 

200 anode 

300 hole transport layer 

400 emissive layer 

500 electron transport layer 

600 EL medium 

700 cathode 

1000 substrate 

2000 anode 

3000 emitting layer 

4000 cathode 
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INTENSITY lau) 




MTEENSITY (au) 
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120 




VOLTAGE tW 

F/6.6 

1. Abstract 

An electroluminescent device which includes an anode, a cathode, 
and a polymer luminescent material disposed between the anode and cathode, the 
polymer luminescent material having arylamine moiety has the molecular 
formula: 



Ar2 

Ari-N X| 




wherein: 

Ri and R2 arc independently hydrogen, alkyl group of from 1 to 24 carbon 
atoms, or aryl or substituted aryl of from 6 to 40 carbon atoms, or hetcroaryl or 
substituted hetcroaryl of ftom 4 to 40 carbons, or a cyano group; 

Atj, Ar 2 , Ar 3 , Ar 4 , and At are each individually aryl or substituted aryl of 
from 6 to 40 carbon atoms; or a hetcroaryl or substituted heteroaryl of from 4 to 
40 carbons, or combinations thereof. 



2. Representative Drawing 
Fig.l 



